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ABSTRACT

A computer program is described which pro-
vides calculations for model atmospheres to one plan-
etary radius above the surface using the hydrostatic
equation and the equation of state. These calculations
are based upon a temperature and molecular weight
structure and upon the surface pressure, surface
gravity, and radius of the planet.
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A COMPUTER PROGRAM FOR CALCULATING
MODEL PLANETARY ATMOSPHERES

By David E. Pitts
Manned Spacecraft Center

SUMMARY

The computer program presented here enables calculations to be made of a model
atmosphere of a planet to one planetary radius above the surface. The variables calcu-
lated are altitude, temperature, pressure, density, specific weight, molecular weight,
pressure scale height, density scale height, number density, mean particle velocity,
mean free path, collision frequency, speed of sound, coefficient of viscosity, kinematic
viscosity, and columnar mass. The calculations are usually made for atmospheres con-
sisting of nitrogen, carbon dioxide, oxygen, argon, neon, hydrogen, helium, water va-
por, carbon monoxide, and sulfur dioxide. However, if the printouts of mean free path,
collision frequency, coefficient of viscosity, and kinematic viscosity are ignored, cal-
culations may be made for gases of any desired molecular weight.

INTRODUCTION

The model atmosphere, a simplified mathematical construct, offers a self-
consistent method for numerically expressing the state of an atmosphere based upon a
temperature and molecular weight structure and certain boundary conditions at the sur-
face (for example, surface pressure). Such models are widely used as a scientific tool
to enable the investigator to understand physical processes in an atmosphere, for design
and conduct of scientific experiments (both remote sensor and in situ), for spacecraft
design (for example, reentry), for calculating mission profiles for spacecraft (for ex-
ample, orbital lifetimes), and for aircraft design.

New data from satellites and sounding rockets and from new theoretical models
are continually increasing our understanding of the Earth atmosphere. Thus, the model
atmospheres must be updated continuously. A similar situation exists with other plan-
etary atmospheres; however, the amount of data is more scarce and the model atmos-
pheres are more divergent. Consequently, advances in understanding of planetary
atmospheres occur more often and offer more extensive changes than for the Earth at-
mosphere.

In the past, model atmospheres have usually been calculated by hand. This re-
sulted in only the minimum amount of data being given, usually in only one set of units.



When new data were obtained, there was a great deal of time lost calculating a new
model atmosphere, and the new atmosphere did not promote good understanding and
communication between the scientific and engineering communities. The use of the
computer helps solve all of these problems, with the additional advantage of having
higher accuracy and greater reliability.

A Fortran computer program was written so that model atmospheres may be cal-
culated easily and quickly, thus reducing the lag time between the receipt of new data
and the use of the new model atmospheres. This program was written in the Fortran V
computer language for the Univac 1108. However, the program is compatible with
Fortran IV for the IBM 7094, and may be easily modified into Fortran O if desired, by
changing the input-output and library functions (for example, cos would be changed to
cos f). Computational time per model atmosphere is usually less than 30 seconds.

The model atmospheres may be calculated to one planetary radius; however,
usually 1000 km or so suffices for most orbital decay and entry studies. Two systems
of units (metric and English) are used, and the models calculated are separate but
equivalent model atmospheres designed to promote cooperation between different pro-
fessions. The legend of the scientific and engineering units for the model atmospheres
is presented in table I. Since some confusion arises at times concerning pressure
scale height and density scale height, an explanation is included in appendix A.

To date, the principal uses of this program have been to calculate model atmos-
pheres for Mars and Venus (ref. 1) and to calculate density and temperature dispersion
data for Apollo spacecrait reentry considerations.

SYMBOLS
Cp specific heat at constant pressure, cal T
C, speed of sound, m sec” !
C, specific heat at constant volume, cal mole” 1 °g1
f(x) function of x = —2 ) '524;1—2 ) —gzd x_gzd\
erf(x error function o X—W € &—W e £ - e g/
X o )
X
P B S dt
VT
0
g acceleration caused by gravity, cm sec



. -2
surface gravity, cm sec

geopotential altitude above the surface of the planet, km

an altitude in geopotential height, km

an altitude in geopotential height where Hb > Ha’ km
pressure scale height, km

average pressure scale height, km

density scale height, km

Boltzmann constant, ergs ("K)_1

mean free path, m

columnar mass, g cm

molecular weight

molecular weight at Ha
molecular weight at Hb
molecular weight of ith constituent

molecular weight of jth constituent

base molecular weight

Avogadro's number, 6.0238 X 1023 molecules (mole)_1

. -3
number density, cm
pressure

pressure at Ha’ mb

pressure at H, where H'b > Ha’ mb

b



pressure at zero height, mb

kinematic viscosity, £t? sec™!

universal gas constant = 8.314 X 107 ergs mole™ ! °g~1

height of the base of the exosphere plus radius of the planet, km

the radius of the planet, km
temperature (kinetic), °K

temperature at Ha’ °K
temperature at Hb’ °K

T
m,
molecular scale temperature, o °K

molecular scale temperature at Ha’ °K
molecular scale temperature at Hb’ °K
temperature at zero height, °K

mean particle velocity, m sec”

mole fraction of the ith constituent

r+ Z

geometric altitude above the surface of the planet, km

Ry

Hp

C
p

C
v

maximum energy of attraction, ergs



1 -1

U viscosity for ith constituent, kg m”™ " sec

u viscosity for mixture, kg m ! sec”

£ dummy variable used for computation of the error function
. -3

p density, g cm

g zero energy collisional diameter, A

ori zero energy collisional diameter for the ith constituent, A
< s -1

v collision frequency, sec

q)ij coefficient for calculating viscosity

Qi(T) reduced collisional integral for ith constituent
e . -2 -2

w specific weight, slug ft ~ sec

Subscripts:

ior j=1 nitrogen

ior j=2 carbon dioxide
ior j=3  oxygen

iorj=4 argon

ior j=5 neon

ior j=6 hydrogen

ior j="7 helium

ior j=8 water

ior j=9 carbon monoxide

ior j=10 sulfur dioxide



CALCULATION OF A MODEL ATMOSPHERE

The atmosphere and its variations above the surface of a planet can be described
by the use of six variables: density p, pressure P, temperature T, molecular
weight m, acceleration caused by gravity g, and height Z. There are two equations
which relate these quantities. The equation of state, shown in equation (1), which is a
form of the ideal gas law, relates P, p, T, and m to the universal gas constant R.

Pm
P =RT (1)

The hydrostatic equation, shown in equation (2), relates the pressure gradient to the
density and the local value of gravity.

oP
37 = P8 2)

The proper combination of the ideal gas law equation and the hydrostatic equation with
certain reasonable and valid assumptions results in equations (3) and (4). A more com-
prehensive derivation of equations (3) and (4) can be found in appendix B. If

oT /aH # 0, then
m,

€o™o

aTm

R —

(T, 78
P =P, (Tm) @3)

a
and, if 9T /BH = 0, then
m
_gomo(Hb B Ha>
P, =P, exp R[T.) 4)
a



If the surface boundary conditions (g m

o o’ Po’ T 0) and the molecular scale temper-
ature structure1 are known, the pressure as a function of height may be calculated by
equations (3) and (4) and the density may be calculated by substitution into equation (1).
Typical construction parameters required for use in equations (3) and (4) are given in
table II. The values given are for Mars, whereas the appropriate values for any other
planet may be selected.

In the calculation of some model atmospheres the temperature and molecular

weight structure are the primary variables and are chosen accordingly. In this case,
the molecular scale temperature gradient aTm / 9H is a derived quantity each geomet-

ric km. In other words, if molecular weight and temperature are input in linear seg-
ments, then molecular scale temperature is not linear with altitude, but is curved.
For this case, temperature is calculated by

oT
Ty =Ty + 30 (Hb B Ha) (5)

molecular weight is calculated by

my, = my +g—II-III_ (Hb - Ha) (6)

molecular scale temperature is calculated by

m, Tb
(Tm>b= m (7)
and
T -(T
BTm_( m)b ( m)a 8)
oH ~ H -H (

1The temperature structure is defined by a number of temperatures and molecu-
lar weights corresponding to an altitude, either geometric or geopotential as desired.
The number of these critical points cannot exceed 99.



In this option the geometric altitude is generated and then is converted into geopotential
altitude, which is subsequently used to generate pressure and temperature. This is
known as option 1 and is the option usually used for Mars. Table III contains the output
for such a model, using the construction parameters shown in table II.

Option zero molecular scale temperature gradients and the temperature gradients
may be considered to be the primary variables; in such circumstances, they are taken
in linear segments, In this case, molecular weight is the derived quantity which is
therefore not linear in altitude. This method is used in calculating models of the type
such as the U.S. Standard Atmosphere (ref. 2), and is known as option zero.

For option zero, molecular scale temperature is calculated by

oT
— m -
(Tm), =(Tm). * 5w (B - Hy) (9)
b a
temperature is calculated by
oT
Ty, = Ta + 30 (Bp - Hy) (10)
and molecular weight is calculated by
m_T
my, = ey (11)
(Tm),

Table IV contains the output for a sample calculation of this option. The choice of op-
tions is left to the discretion of the programer.

At very high altitudes, when the scale height of the atmosphere is approximately
equal to the mean free path of the gas molecules, the atmosphere no longer behaves
hydrostatically. In order to account for this change in the rate of decay of density with
height (the decay rate is less rapid), an analytical expression for a neutral exosphere
is used (ref. 3). The following equation describes the density in an exosphere in terms
of the density at the base of the exosphere.



o

p(Z) = po(RZ’) l;-a(l-y) (1 - % erf VW) - (dl - yz) (e- 1+y> (1 - % erf —1—‘24_—3;)
(V) - Vl_-_?)e"j 12)

The use of the exosphere option in the computer program also is left to the discretion
of the programer.

When P, T, and p are known for the 1-km geometric height increment, addi-
tional quantities can be calculated in tabular form according to the following formulas,
many of which were used in the U.S. Standard Atmosphere, 1962 (ref. 2). However,
some formulas must by necessity be more complex in the general case than for the
Earth. TFor these cases, the number of gases for which calculations can be made were
restricted to 10 gases: those high in the solar abundance (hydrogen, helium, and
neon), those which comprise outgassing because of vulcanism (water vapor, carbon
dioxide, sulfur dioxide, nitrogen, carbon monoxide), those caused by the presence of
life and/or dissociation of other compounds (oxygen), and those caused by radioactive
decay (argon). Thus, in the calculation of the speed of sound, ¥ is determined from
Cp as a function of temperature (ref. 4) for the mixture as chosen from these

10 gases, as is shown in equation (13).

)1/2 (13)

Cs=(YET

The surface molecular weight of the mixture is also calculated from the mole fractions
of the gases as chosen by the programer.

10
m = Z—:1 X,m, (14)

[

In the calculation of the mean free path L. and collision frequency v, the collisional
diameter ¢ used is calculated from these 10 gases as shown in the following equations.

o= Z X.0, (15)

L= (16)
9172 N0 p

T



1/2
D (17)

U= 402N(%> W

The coefficient of viscosity is calculated, using equations (18) to (20), for an atmos-
phere compoosed of these 10 gases. Values of £ were calculated for each constituent
for each 100° K from 100° to 700° K from the nomograms given in reference 5.

10

T D o

10 X\
i=1 1+, ®ij o
=1 i

i
7, = 26.693 (;17 %) [TZ_(_T\H?’;/EJ (19)
1/2 1/4]2

7.\ m,
() (=)
®ij = ] -1 (20)

m, 1/2
242 <1 +—-1>
M

The remaining equations, for calculation of mean particle velocity, specific weight,
pressure scale height, density scale height, number density, columnar mass, and
kinematic viscosity are as follows.

V= (8—;%%1/2 (21)

w =pg (22)
_RT
Hp = mg @3)

10




P
Y= [ RT/m (24)
g 92
_ NP
n = gF (25)
/
Mc=f p dz (26)
(o]
Q=% (27)

The preceding equations, (3) to (27), were programed so that a model atmos-
phere can be constructed with a minimum of construction parameters.

The model atmospheres are printed in tabular form with 16 variables being given
as a function of height in increments chosen by the programer; they were all calculated
using 1-km steps, however. The variables calculated are altitude, temperature, pres-
sure, density, specific weight, molecular weight, pressure scale height, density scale
height, number density, mean particle velocity, mean free path, collision frequency,
speed of sound, coefficient of viscosity, kinematic viscosity, and columnar mass.

A Fortran listing for the planetary model atmosphere computer program and an
example of input data are shown in appendix C and appendix D, respectively.

FLOW CHART FOR PLANETARY MODEL
ATMOSPHERE COMPUTER PROGRAM

Essentially, the first portion of the program through pivot 1 sets up the input data
internally and the output headings externally. Pivot 3 is the beginning of the read cycle
for the altitude distribution of molecular weight and temperature. Pivot 11 is the be-
ginning of the altitude-iteration '"do'' loop. Pivot 5 is the beginning of the exosphere
option. After the pressure, temperature, and density are calculated, the subordinate
parameters are determined. Viscosity calculations start near pivot 6 and carry
through to pivot 9. Once these subordinate quantities are calculated, printout occurs
if the altitude agrees with the altitude increments which were input by the programer.
Then corresponding engineering values are calculated. The altitude iteration ends at
pivot 12; then the engineering data are printed out. The iteration then returns to
pivot 13 and is ready to calculate another model atmosphere. The flow chart is illus-
trated in figure 1.
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Define
necessary
constants

|
Read NN, RAD,
PO, TO, GO, L

Read ZTEST, )
V@LPER ()
I=1t010

AMASS =0.0
Calculate XMO

Calculate
SIGMA 1

Set up surface
boundary
conditions

Calculate RH@
for surface

Print
heading

Figure 1. - Flow chart.



Print
surface

boundary
conditons

XM = XMO

| Read Z(D, XM(D
TM(D, IP@

No

H(D = #(Z(D) ) |

ET(I) = TMI)
EZ(D = G*Z(D

H(I) = Z(D)

Figure 1. - Continued.
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Z(I) = F(H(D)

e TD = TMD

_ T(D*XMO
TMMD = Wi

Calculate

DTDH =f(D [~

P(D) = f(DTDH) P(D = f{(TM(I)

Figure 1. - Continued.
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Call BET
to get
PB, T1, XMO

Print
heading

AMASS =0

ZZ=M-1
Calculate GB

Is
IWGRLD = 0

Call DET
to get
PB, T1l, XMO

i

Calculate
HPRES

Figure 1. - Continued.
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For the Yes

first time

] No ]

RHBASE = RH@

Calculate
RH@ from «
T1 and RHBASE |+

Calculate
PB for
exosphere

Calculate RH@,
OMEGA, XNUMON,
VBAR ZONK,
SPEED, XN.

XMU=0.0

Y
Iy
©

VOLPER()=Q

Figure 1. - Continued.



SUMB1=0

J=J+1

Calculate
PHILJ = f(1,J)

Add to SUMB 1

No

Yes

Add to XMU

Figure 1. - Continued.
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No

Yes

Calculate
XMU and XKIN

Add to AMASS

Should
printout
occur

No

Print
calculated
variables

Calculate
engineering
variahles

K=K+1

Figure 1.- Continued.



_®

Print
columnar
mass

7)

Print
engineering
heading

.

Print
engineering
values

S8

Figure 1. - Concluded.
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CONCLUDING REMARKS

Using the computer program just described, wide ranges of model atmospheres
may be calculated in order to envelope relatively uncertain conditions in a planetary
atmosphere; or, special purpose calculations may be made involving very exact condi-
tions which were measured for a particular location, altitude, and time of day.

Manned Spacecraft Center
National Aeronautics and Space Administration
Houston, Texas, October 30, 1967
981-89-00-00-72
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APPENDIX A

PRESSURE AND DENSITY SCALE HEIGHT

Pressure scale height may be defined in many ways. Perhaps the best way is as
shown in equation (A1).

_ -1 -1
Hp=1 5~ 7o (A1)
P3Z o7

As may be seen in equation (A1), HP denotes the rate of decrease of pressure with

height. Specifically, H_ is the height necessary for the pressure to be reduced by

P
e (that is, P(ZH ) = P(base)/e). This is shown in the following discussion. Combin-
P

ing the hydrostatic equation

37 = P8 (A2)
with the equation of state
Pm
gives
1 0P _ -mg
$3Z " RT (a4)
Substituting equation (A4) into equation (A1) gives the simple result
_RT
HP = g (A5)

which is the form of the pressure scale height most commonly found in textbooks.

21



Combining equations (A4) and (A5) by eliminating the term mg/RT gives

9P ., _dZ
57 4Z =7 (A6)

Yo

Pb b
[Pg- [ e an
P
P a

a
where b > a gives,
Pa~ 1
In T, = i (zb - za) (A8)
If
Pa
P =-= (A9)
then
Hp = (%, - za> (A10)

A hypothetical homogeneous atmosphere (Vp = 0) has a height (where P = 0)
equal to the pressure scale height. Even though it is homogeneous, the atmosphere
will still be hydrostatic, but since the density is constant, equation (A2) can easily be

integrated

oP ~
=5 = “Pg P -P = —pg(Zb - za) (A11)
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At the top of the atmosphere Zb’ the pressure becomes zero, and at the surface Za

the pressure has some finite value. Therefore
Py = -pg(Zb - Za)

However, Za = 0 since the origin is at the surface so that

Pa

_d_g

pg D
but

P = pRT

m

S0

RT _

g " Zb
Then, using equation (A5),

2y, = Hp

The density scale height is defined in a similar manner

-1
Yo~ 12
p °0Z

(A12)

(A13)

(A14)

(A15)

(A16)

(A17)

and may be said to be the height increment required to reduce the density by the fac-

tor e. The relation between the two scale heights is

H = p
p 1 +_R o(T/m)
g 07

(A18)
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APPENDIX B
DERIVATION OF ITERATIVE HYDROSTATIC EQUATION

The basic equation describing the rate of change of pressure in the lower regions
of the atmosphere is the hydrostatic equation. It relates the vertical gradient of pres-
sure to the local values of density and gravity. The tangent plane coordinate system
(fig. B-1) is used as a reference for defining direction.

Equator

Figure B-1.- The tangent plane coordinate system.

P
=7 = P8 (B1)

If density were known as a function of height, equation (B1) would be integrable.
However, temperature, not density, is usually the known function in an atmosphere. It
is for this reason that the equation of state

_ Pm
P=RT (B2)

24



is substituted into (B1), giving
===dZ = =2 dZ (B3)

However, this equation is not integrable as it stands. Three variables m, g,
and T are functions of Z. Thus a transformation of variables is required. In order
to do this, two hypothetical constructs are used. These are the geopotential altitude
and the molecular scale temperature. Geopotential altitude H is a fictitious altitude
which changes relative to geometric altitude Z such that g becomes a constant. Geo-
potential altitude is defined as follows

dH = gi dz (B4)

The acceleration caused by gravity near a spherically symmetric planet is ex-
pressed by Newton's law of universal gravitation, which, when placed in terms of the
gravitational acceleration at the surface of the planet, becomes

g r2
g=—"—3 (B5)
(r + Z)

Using this result in equation (B4) and integrating gives

Z

2 dz Zr

H=r = (B6)
/ (r + Z)2 r+ 7

(o}

Likewise, molecular scale temperature Tm is simply a device for combining

two variables (T and m) into one. It is defined as

m

T =-2

m-m T (B7)

25



If equations (B4) and (B7) are substituted into equation (B3) it becomes

-m g dH
oP 0°0
7z %% =—=®wr_ (B8)
m

el

Within an atmospheric layer where aTm /aH is constant, then equation (B8) has an

exact analytic solution, which is as follows. If aTm / oH+ 0

m
gOO

oT
-

P =P (B9)
b a(T )
Ama

and if 0T /aH=0
m

~8oMo (M - Hy)

B10

Pb = Pa exp
a

These are the final iterative forms of calculating pressure as a function of alti-
tude.
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APPENDIX C

FORTRAN LISTING FOR THE PLANETARY MODEL

ATMOSPHERE COMPUTER PROGRAM

Because the description of the computer program is included in the flow chart, it
will not be duplicated here. The Fortran listing and a key to the variables are included
for those who wish to inquire into the mechanics of the program further than the flow
chart allows. Although the key does not explain all of the variables, it does include the
most important ones. Many of the variables not included are ''dummy'' variables and
are of no consequence, since they are used only as tools for operations such as numer-
ical integration. Variables that have an '""E'" preceding them are in engineering units.
The following is an explanation of the notation used in the program.

AM molecular weight of each of the 10 constituents
AMASS quantity used to sum piAZi over all i's for columnar mass
BET subroutine for calculation of pressure where the temperature gradi-

ent is the primary variable

CARB@N columnar mass of CO,

CCPP Cp(Tl)

CCvv CV(TI)

cp Cp for each of the 10 constituents for each 100° K from 100° to 700° K
CPS function for calculation of Cp

DA, TE the month, date, and year of the computer run

DET subroutine for calculation of pressure where molecular scale temper-

ature lapse rate is the primary variable

DMDH molecular weight gradient at ZZ, geopotential

DTDZ molecular scale temperature gradient, geometric altitude
GAMMA Cp /CV

GB acceleration caused by gravity at ZZ

27



GO

H (I)
HPRES
HRHf
IENDG
IFLIP
IFLgP
mI

INF, QOOOFL

IPg

IQF
ISL@P

IWPRLD

KFL@P
KLIP

KSL@P

NA, ME

M

PMEG

28

acceleration caused by gravity at the surface of the planet
geopotential altitude of Ith level

pressure scale height

density scale height

number of total levels to be printed ouf in the engineering quantities
altitude interval of printout above KFLIP and below KFLJP

altitude interval of printout above KFL@P and below KSL@P
designation of which constituent is being used

variables used for random alpha-numeric information to be printed
on output sheet

a code for the programer to make input values of altitude either geo-
metric (IP@ = 0) or geopotential (IPg = 1)

dummy variable for setting up arrays

altitude interval of printout above KSL@P

a code to enable the programer to choose between a subroutine for
calculating model atmospheres similar to the U. S. Standard, 1962,
called DET (IWPRLD = 0) and a subroutine for most planetary at-
mospheres called BET (IWGRLD = 1)

index used for engineering variables

geometric altitude above which the altitude interval IFL@P is used

geometric altitude above which the altitude interval IFLIP is used

geometric altitude above which the altitude interval ISL@P is used

the ratio of the number of linear temperature segments to the number
of altitude segments considered

fixed point variable for geometric altitude

name of the planet or celestial body being considered

the maximum height to be considered

Q for each of the 10 constituents for each 100° K from 100° to 700° K

function for calculation of 2 for viscosity



SMEGA
PB

PHI
PHIIJ
P (1)
PO

RAD
RAT

RGM

RHBASE
RH@

RO
SIGMA
SIGMA 1
SPEED
T1

T (I)
™™ (I)
T™Q
TMQ1
TO

TQ
VBAR

specific weight

pressure at the top of the interval of integration
T

coefficient for calculating viscosity

pressure at the Ith level

surface pressure

radius of planet

EK for each of the 10 constituents

an alpha-numeric variable corresponding with IP@. If altitude being
read in is geometric, RGM = M; if geopotential, RGM = P. Thus
either " GEgM" or ""GE@P" is printed out.

density at the base of the exosphere

density

universal gas constant

zero energy collision diameter for each of the 10 constituents, A

average zero energy collisional diameter

speed of sound

temperature

kinetic temperature at the Ith level, read-in

molecular scale temperature for the Ith level

molecular scale temperature at ZZ

molecular scale temperature at altitude XH1

surface temperature

temperature at 27

mean particle velocity

function for calculation of viscosity

29



VOLPER (1) mole fraction of nitrogen

VALPER (2) mole fraction of carbon dioxide
VALPER (3) mole fraction of oxygen |
VALPER (4) mole fraction of argon

VALPER (5) mole fraction of neon

VALPER (6) mole fraction of hydrogen
VOBLPER (7) mole fraction of helium

VOLPER (8) mole fraction of water

VALPER (9) mole fraction of carbon monoxide

VALPER (10) mole fraction of sulfur dioxide

VIS —15 J% for each of the 10 constituents
o
XERR dummy variable
XH geopotential altitude
XH1 geopotential altitude corresponding to 1 geometric km below ZZ
XK 1.38026 x 10" 1% ergs (°K)™!
XKIN kinematic viscosity
XM (1) molecular weight for the Ith level, read-in
XMO molecular weight
XMALW surface molecular weight
XMQ molecular weight at ZZ
XMQ1 molecular weight 1 geometric km below present level
XMU coefficient of viscosity
XN Avogadro's number
XNU collision frequency
XNUMD number density

30



XRHY
YERR
Z (1)
ZPNK
ZTEST

77

density at 1 geometric km below present level
dummy variable

geometric altitude of Ith level

mean free path

altitude of the base of the exosphere

geometric height
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APPENDIX D
EXAMPLE OF INPUT DATA

An example of input data for a sample Mars model atmosphere is given on the
following pages. The data are also explained in the tabulated key, shown after the
example.

Each model atmosphere needs one each of cards 1 and 2. The first two cards
determine the extent in altitude of the calculations, the surface boundary conditions,
the altitude increments desired, the mole fraction of each of the 10 gases, the calcu-
lation procedure to be used for pressure, and the altitude at which the exospheric op-
tion is to be used (if it is to be used at all). The number of type 3 cards that will be
used depends upon the model atmosphere. However, the temperature and molecular
weight must be given at least to the maximum number of levels (km) as specified by
card number 1.

KEY TO EXAMPLE OF INPUT DATA

Card 1

Number of levels km, number of card 3 to be read in, surface pressure mb,

surface temperature °K, surface gravity cm sec_z, radius of planet km, planet name,
comments, first increment, first altitude, second increment, second altitude, third
increment, third altitude, test for type of model: U.S. Standard (IWGRLD = 0),

planet (IWGRLD = 1).

Card 1
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Card 2

Date, height of the base of the exosphere km, mole fraction of nitrogen, mole
fraction of carbon dioxide, mole fraction of oxygen, mole fraction of argon, mole
fraction of neon, mole fraction of hydrogen, mole fraction of helium, mole fraction
of water, mole fraction of carbon monoxide, mole fraction of sulfur dioxide.

Card 2
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Card 3

Test for altitude (zero if geometric, one if geopotential), alphabetic variable
('M'" if geometric, ""P' if geopotential), and altitude km, molecular weight
(g/g mole), temperature °K.
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CCOLUMNAR MASS MODEL ATVOSPHERE WITH VAR OF MOL_WTG,EXOSPHERE

T COAVID PITTS

DIMENSION 7(90), ET(90), H(90), TM(90), xM(90): P(90), E2C
1907, E77(251), ET1(251), EPR(251), ERHOt251), ESPEED(251), E
22513, EHRHO(251), ENUMDN(251), EVBAR(251)) EXBAR(251), EXMU!

. 4,AML10)

H
2
SEXKINt251), EOMEGA(251),T¢(907,VOLPER(1D),SIGMA(10),VIS(I07 /R
3
I

COMMON |, TH, XM, 8,60, RAD» L 7RO, XMOLY, T, TMG L XW 1y XMAL,P1, VIS
VICT1e111010F)=26,693#VISCI1TI#SQRT(TI/RAT(ITI)I/(OMEGITL

|

200.0

)
T4
J:
1=

Orin

GAMMASCAS(TL,J, 1)
_PO=OMEG(T1,J,1)

[aF=1

AM({)=28,016

ma X

AM(2)244,011
AM(3)=32|0

 AM(5)=20,183

AM(47539,944

AM(&Y=2,016" T
AM(7)=4,003

AM(8)=18,016
AM(9)=2R,011

AM(10)=64,066
SIGMA(1)=3,684

sIGMA(29=3,952
S1GMA¢(31=3,499

sIGMA(4)=3,42¢
SIGMA(s)=2,858

STGVA(6Y=2,915
SIGMAL7)=2.576

STGMA(8Y=2,99 "
SIGMA(9)=3,678

§16MA(10)=4,290
RAT(1)=91,5

RAT(2)=200,0
RAT(3)=100.0

RAT(41=2119,5
RAT(5)227,45
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TR

_ 1111 SIGMA1=SIGMAL+SIGMACIVV)#VOLPERCIVV)#1,DE=08

RAT(6)=38,0 o
RAT(7)=10.,22
RAT(8)=499,2
_RAT(9)=94,5 = = . o . .. N,
RAT(10)=252,0
VIS(1)=3,737
VISt2)=6,01
V1s(3)=4,620
VIs(4)=5,90
_vists)=2,884 . _ ... . . . o .
VIS(6)=1,030 : a
VIs(7)=0.964
VIS(8)=10,597
VIs(9)=3,803
VIS(1i0)=6,91
XX=1,38026%10.,0%%(~16)
XN=6,02257E+27%
PHI=3,14159
BETA=z1,450E-06
RN=8,31432E+07 . ) _ . o
25 READ (5,99 NN+L,P0,T0O,GO,RAD/NASME, INF+ROUOFL, IFLIP,KFLIP) IFLOP, <F
_ 1LOPLISLOP,KSLOP, IWORLD. . A
9 FORMAT (14,124E11:5,F5,2,F6,3,F6,0,4A4,3(13,13),11)
_REAN (5,4) Da,TF,ZTEST, (VOLPER(I);I 1,10)
4 FORMAT (75,A3,F4,0,10F5%.,2)
_XM0=0.0
slgMpl=n,0
DO 1111 IVv=1,10 i} e
XMO=XMO+AM(TVV)=VCLPERCIVYY T T
Ivy=xMo=1900,n
_XMp=Vvy
XMO=XM0/1000,0
T¢1)=TO
P1=pPQ
TMQ1=T3
XM@1=XM0
ZFLIP=KFLIP
ZFLOPSEKFLOP
ZSLOP=KSILOP
FLIP=IFL1P
FLOP=IFLQP
sLoP=1sL0P
S TM(L) = TN
ET(1) = TM(1) * 1,8

. BASS =0.0 _ !
2(1Y=0,0 T -
E2(1)=0.0 N
EPO=P0*14,7/1013,0 i

CLEL+1 i
EGD=G0/30.48 T K

_RHQ=PO*XMO/(RN#TQ)*1000,0
ERHN=RHO#*1,9473
ETO=TD*1,8



XMOLW=XM0

 WRITE (6,1)NAJME,INF,Q000FL = e

1 FORMaT (1H1.45x:20HMODEL ATMOSPHERE FOR11X,244222%01254,477)

WRITE (6,5)DATE % 1 EHEETERNTTE o NTTS  TE KT

5 FORMAT (2X,23HCONSTRUCTION PARAMETERS,27X,16HSCIENTIFIC UNTTS,35X,.

__1:5HDATE ,45:437/) S
WRITE (6,22)P0,T0,RHO/ZTEST.XMO,6G0
22 FORMAT (2x,19HsuRFACE PRESSURE = g9, 2,3H MR.iOx.225§JRfA§§ TEMPER
TATURE = ,F7.,2,2H K, B8yx,18HSURFACE DENSITy = ,1PE9,2,6H GM/CC/,
22X,20HBASE OF EXOSPHERE = ,0PF8,2,4H(KM),9X, 1°HM0LEcULAR WEIGHT 4
3,5, 0PF6.3,5Xs 1BHSURFACE GRAVITY = L0PFB.3,11H CM/SEC/SECT
WRITE (6,556) Na/MEs Réo.(VOLPFR(I’:I =1,10)

T 556 FORMAT (2X,9HRADILS OF :1X»244,2H= TFBy2yAHIKMT , 9% TBHPERCENT NITR
10GEN = ,5X,2PF7.3:11X/16HPERCENT €02 = o2pF7.;L£3gx.2?Hngggvr 0
2XYGEN = " 4 2PF743,12X»23HPERCENT ARGON 12PE7 311X
316HPERCENT NEON = 2PF7,3,/,2X,22HPERCENT HYDROGEN = 4 2PF7,43,
412X, 23HPERCENT HELIUM — = 1 2PF 7,33 ITX116HPERCENT WATER =
52PF7,3,/.2X,22HPERCENT €O = .2PF7.3.12x.23HPERCENT §02
6 = .2P§7.3.7/7.1bx.46HTEMPERATURE AND™ MOCECULAR WEIGHT DISTR

7IBUTION,/)
DO 51 I=2.L
READ (5, 976)1P0:RGM.gj1)1}U(I)pTW(l)
976 FORMAT (11.41.7x,3(r10 2710¥%
IF (xM(1)) 2001,2000,2001 _
2000 XM(T)=XMmg
2001 ET(1)=TvM(])*1,8 o e
N WRITE (6,8) z{1), RGMr TMII), xm{1)
8 FORMAT (4nX,2HAT,1X,F10,293%Xs3HGED, Alﬁl?XZHKM,BX, 1 2HTEMPERAT
{URE=, 2X,F10,2,2H K,7X,13HAND MOLECULA , THWETGHT=,F10,5)
E EZ(!) z<1>*n 003281 o o
IF (1POY 630,631,630
631 H(I) = RAD # 2(1) / (RaD + ZC1)) =
60 TO 7A2
630 H(I)=Z(1) o o —
ZCI) = raD » Z(1) 7 (RAD - 2(T1)Y
782 T(13)=TM(]) e
51 TM(T) = TM(1) « XMO /7 XMUT)

XHi=z-RAD/(RAD*1,0) S

TMRL=(T(2)- T<1>)/TH(2) HOO) IwXHL #T7(1Y 7 '

DO 633 1 = 2, L e
DTOH & (TM(I)eTMCI~1))/ZLHUIY~H(T=1)Y - '
IF_(DTDH)601, 602, 601 , . - i

T 601 PCIY = RIS RITMOI-1T/TM 1Y T &7 COXXMD¥1, Op+05/C(RO*DTDHIY
GO TO 633

602 P(IY & P(l-1)YepXPp{~GO* XMO®L, DE+OB/TROFTHUIN IS THTT T=HUT+170)
633 CONTINUE o
WRITE (6,68)
68 FORMAT (/ +1X,21HCALCULATED QUANTITIESp/ )
WRITE (6,69) T
69 FoRMAT (74Xs4HMEAN 19X 4HMEAN, /2 1X0 122HHEIGHT  TEMP PRESSURE D

St "SPEED " POLECULAR 'DENS ~'NUMBER ™~ ""FREE ~~ VIS~ PRE

35 PARTICLE COLL  COLUMNAR  ,,,36X,B6HOF SOUND WEIGHT  ScAL
3E DENSITY PATH cOSITY SCALE VELOCITY FREQ " MASS
4,/,1%0122H (KM) (K) (MB) (GM/CC) (M/SEC)

T BKM) (PER ¢ccY (M) T RE+SY T (KMY (M7SECY (PERSECY T T C
é v/ )
AMASS®0, 0
K®1 _ ) . o

40




NN = NN + 1
~ _1ENDGSKFLOP/IFLIP+(KSLOP-KFLOP)/[FLOP+((NN-1)~KSLOP)/1S,0P
12 DO 10 N=1sNN
ME1aBS{N-1)

22 = N - 1§
_GB = GO » (RAD / (RAD + ZZ))##*2
IF CIWORLD) 731,730,731
730 CALL DET(ZZ,PB,T1rTMQR,XMO.DTDZ)
GO TO 732
731 CALL BET(ZZ,PR,T1:TM@:XM0,DTDZ),
732 HPRES=RO*T1/(XMO*GB)#*,00001
~ . 1F(Z2Z-ZTEST) 701,701,702
702 IF (BASS) 311:312:311
. 312 RHBASE=RHO
311 BASS=1.0
ZTER=ZTEST+RAD . _. ...
ZR=2Z+RAD
XERR=SQRT(ZTER #*2/(HPRES#ZR))
IF (XERR-3,0) 304:306.:306
304 SUM=XERR _
TERM=XER]R
DO 301 LL= 1,100
XL=LL
__ TERM=TERM*(-XFRR##2)#(2,0#X_-1.0)/(XL.*#(2.0%x +1,0))
301 SUM=SUM+TERM
GO_TO .397

" 306 SUM=SART(PHI)/2.0

307 ERFX=1,0-2,0/(SQRT(PHI))*gum

YERR=SQRT(ZTER ##2#ZR/((HPRES*ZR)*(7Z+ZTER )))
... IF_(YERR~3.0) 308,310,310
308 SUMR=YERR
. TERMB=YERR
DO 305 KK= 1,100
XK=KK [

TERMBETERMB* (~YERR*##2V#(2,0#xK~1,0)7(XK#T2,7#XK+1, 0]
. 305 sSUMB=SUMB+TERMB
60 T0 319
310 SUMR=SQRT(PHI)/?,C

© T 309 ERFY=1.,0-2,0/(SQART(PHI) I*SUMB

RHO=RHBASE# (EXP((=2TER /HPRES)#(1,0«ZTER /Zr))%*(1,0-0,5#ERFX)~ S

{GRT(1+0-7TER ##7/7R¥*2)V¥EXP((~ZTER /HPRES)*(ZRZ(ZR+2TFR ) YT*{1,g-p
2,5%ERFY)~(XERR/SQRT(PHI))*#(1,0-SQRT(1,0~ZTER ,ZR))*EXP(=ZTER /APRE
3g)) T T oo oo
... PB=RHO*T1#R0/(xM0*1000.0)
701 CONTINUE
RHO=PB#XMN*10N0.0/(RO*TLY
OMEGASRHO®*GB
HRHO=HPRES/(1,0+R0/ (XMOLW#*GR)*DTDZ*,00001)
XNUMDN=XN*PR#1000,0/(RO*T1) ~ '
VBAR=,01#(8,0%RN*T1/(PHI*XMO) I ##,5 .
XBARZRO®TI/(1,414%PH] *XN#*PR*1000.0#(SIGMa1*42))
ZONK=XBAR*,01
ccPP=0.0
ccvyv=0.0 .
DO 2100 1.8vV=1,10
CCPP=CCPP+CPS{T1,1QV, IQF)*VOLPER(]QV)
I I

© 2100 CCVV=CCVV+(CPS(T1,1QV:1QF)~1,9862)%VOLPER(IQV)
GAMMAZCCPP/CCVY

- = - ———— e —— - e e VU
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SPEED=20,01% (GAMMA*RO#T1/XMQ)#x0,5
XNU=VBAR%100,0/XBAR
XMU=0.0
00 1001 111,10 e
IF (VOLPERC(II!)) 1005.,1001,1005
1005 sSUMB1=0.0 o o L
DO 1002 JJJ=1,10
IF (VOLPER(JJY)) 1191,1002,1191
7191 IF (111-0J44) t003,1002,1003
1003 PHITJZ(1 0+SQRT(VICTL I I IQF)/ZVIETL,JJJr IQF I *CAMCIYI)/ AMCTT]) )
T i#(1,0/4,0))#82/(2,82842712#SQRT{1, 0+AM(111)/AMTJJJ ))
SUM51=SUM81+PHIIJ*VOLPER(JJJ)/VOLPER<III)
1002 CONTINUE
XMU'XMU*VI(Tl:IIIaIQF)/(l 0+SUMB1)
T 71001 CONTINUES
XMUSXMU*, 1
XKIN=10, o*xMU/RHo*.Donbi
AMASSTAMASS*+(10.0%#53) #(RHO*XRHO ) *#*(, 51
XRHO=RH)
IF (22-7SL0OP) 116:116,118
T 118 NQv=M/ISLOP
22Qy=NgV
IF (Z2/S5.0P-22QY) 16,16.,15
116 IF (2Z-2FLOP) 27,27,20
20 NM=M/IF_QP
JZZM=NM ..
IF (2Z/F0P~-2ZM) 16,16,15
27 IF (Z2-7FLIP) 16,16,18
18 NK=M/IFLIP
ZZpP=NK e
IF (2Z/FL1P-27P) 16,16,15
16 WRITE (6,31) M,T1,Pg,RHO,»SPEED)XMO,HRHO s XNUMDN » ZONK » XMU ) HPRES r VB AR
1,XNU»AMASS
31 FORMAT (1X,14,F9,1,1P2E10,2,0PFB8.0,1Xs OPF8,1,0PF9,2,1P2E10,2/0PF8
1,2,0PF7,2,0PF6,0,1PE10,2:1PE11,3)
AETl(K’-Ti'i 8 i
EPB(K)=Pg#14,7/1013,0
. ERHO(K)=RAO*1,943 S ) o
ESPEED(K)=SPEED*3,281 ;
EHPRES(K)=HPREFS#0,003281
EMRHO(K ) =HRHO*D, 003281
ENUMDN(K)=XNUMpN#28320,0
EVBAR(K)=VBAR#3,281
~ ExMU(K)=yMU%0,67195%3,108
EXKINCK)=XKIN«0,0010764
EZZ(K)=727%0.003281
EXBAR{K)=XRAR*0.03281
‘ EOMEGA(K)=ERHO<1)“GB/30 48
K=K+l
CONTINUE
TCONTIMNUE
~ CMASSTAMASS
CARRBON=VOLPER(2)#CMASS*#44,011/(XMOLW)
 WRITE (6,50) cMaSSsCARBON - _
T 7 B30 FORMAT (/ ,10X,18HCOLUMNAR MASS £ ,F8,3,2X,8HGM/Cc 20X, 23HCOLUMNAR
1 MASS FOR C02_= ,F8.3,2X:5HGM/CC)
ERAD=RAD*0,621
ECMASS=CMASS*0.06375 , e

i
o\n
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WRITE (6,1)NA,ME, INF,Q000FL
.. . WRITE (6, 64)DA TE
64 FORMAT (2X,23HCONSTRUGCTION PARAMETERS 126X 17HENGINEERING UNITS, 35X
L SHDATE ,AB5,A43.:/7/) ) e
WRITE (6,67) FPO,ETOsERHN:VOLPER(2),XMOLWIEGD
67 _FORMAT (2X,19HSURFACE PRESSURE = 2F8,3+9H LR/SG INs5X,22HSURFACE T

T {EVPERATURE = 1F5.1,2H R:5X,)18HSURFACE DENSITY = +1PE9,2,11K SLUG/C

2U FT+//,2X,26HPER CENT CARBON DIOXINE = +2PF5,1,10X,19HMOLECULAR W

IEIGHT = ,0PF5,2,13X:18HSURFACE GRAVITY = ,0PF6. ? 11 FT/SEC/SEC,//

LAY e el e
WRITE (6,68)
WRITE (6,62)

62 FORMAT (86X»4NMEAN 7X e 4HMEAN 792Xy 120HHE I GHT TEMP PRESSURE
1 DENSITY SPEEL SPECIFIC PRES DENS  NUMBER  PARTICLE
2 FREE vVig- KINETIC,/,33X,87H(SLUG/ 0OF SOQUND WEIGHT &
_3CALE __ SCcALE  DENSITY VELOGITY _PATH cOSITY _  VISC:/12X,48H
4(MIL.FT) (R) (Lp/sa IN) CU FTY (FT/SEC) 14X 47H{MII,FT)
5 (PER CU FT) (FT/SEC) (FT) (E+B3)4//) o -
DO 115 N=1,1ENDG
WRITE (A,85)EZZ(N) ' ETLIN),EPB(N)FRHO(N) JESPEED(N), EOMEGA(N) E

o 1HPRF5€V>.:HRHO(M).EwUMDN(M> EVBARIN) fEXBAR (N ) JEXMUCN) y EXKINTN)
ERHO(N)ZERHO(N)#10,0#%15

115 CONTINUE ) )
65 _FORMAT (2X,F7,4,F8,1,1PE11,2,1PE11,2,0PF9.0,1PE11,1,0°F8,3,0PF7.3,

11PE11+1,0PF70,1PELD0+1,0PF9,2,1PEL1,1)

S WRITE (6,80)ECMASS/ERAD
80 FORMAT (////plUX 16HCOLUMNAR MASS = (F&,3:11H SLUG/S@ FT10%:"

CL19HPLANETARY RADILS = yF7.1,6H MILES)
GO TO 25
. _END. _ _ , e
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SUBROUTINE BET(Z,PQ, TG TMQ,XMQ,DTDZ)

DIMENSTON H(9B),TPLI0), XMES0),PL90), TU90) sVISILDY,RATLD,AMIT0)
COMMON M, TMsXM,P GO RAD L s RO, XMOLW, T, TMA1 XK1, XMQL,)PL,VISRATIAM

XH=Z*RAD/(RAD‘ZY
DO 1 1=2,L

IF (H(TY=XH) 1,2,3
CONTINVE

151-1
IF CH{1)~XH) 4,45:4

45

PG=P(1)
76=T(1)

XMGEXM(1)
TMQETA#XMOLW/XMA

GO T0 9
TA=T(I1)

XMa=xXM{TY
TMQ=TA*XMOLW/XMA

GO0 Y0 25

DTDH=( TC(I+1)o TCI)I/ZCHCI+1)=HI))

/¢
Rl
DMDH=(XM(1+1)exM( 1))/ (M I+1)=HTD)Y

)
TO=T (1 J+0TOH® {XH-F (1

))
XMG=XM (1 y#DMDH* (XH=HTT))
TM@=TG#XMOLW/XMQ

25

DTDH=(TYQ-TM@L )/ (XH~XH1)
IF (DTDH) 5,645

PG=P1  #(TMQ1 /TM@)*sl GO*XMOLW*1,0E+05/(ROSDTORYY
GO T0 9

oo WU

PO=PL  ®EXP(-GO*XFOLW®1,0E+05/(RO*TMQI* (XH-XH1T)
T1=TMO1#XMQ1/XMOLW

R [OOSR IR EDP S SRS S

DTDZ=TMR~TMGL
xHiexH U,

TMRI=TME
XMQ4 =XMG

P1=PQ
RETURN i _—
END




___SUBRQUTINE DET(Z,P3,TQ,TMQ,XM3,DTDZ)

T DIMENSION H{90)Y, V(OO XM(9D), P(9ﬂ),T(9D)oVI$(10) RATC(10), aM(10)

COMMON H, TM»XM,P,GO,RADL,RO»XMOLW, T TMRL12XH1, XMQi PL,VISIRATIAM

XH=Z#RAD/(RAD*2)

N v 1« B N -3 S

IF (HU1Y=-XR) 1,2,3 '

1 CONTINUE
3 1=21~1
IF (H(1)~XH) 4,45:4
45 pQR=p(1)

. Te=T(L) e o L
XM@=XM(1) ’ I
T™MQ=TM(1)
60 Yo 9

2 TM@=TM(])
TXM@EXMT) T T
TQR=T(1)
PO=P(1)
60 YO0S9 o ) i
4 DTOHE{TU(TI+1)=TM{INY/LHOT 1) =K D)

TM@ETMC 1) +DTDH* (XK=H( 1))

TE=T(DN + (K= {1 (TCI+1) =TI/ (HET+1)mHC )

_ XMQ=TO*XMOLW/TMG

IF (DTDHY) 5,645

5 Pg A=P(1)#(TMCI)/TMG ) #el GO#XMOLW#1 BE+05/(ROSDTRH) )

GO 10 9
6_PQ=P(I)#EXP(-GO*XMOLW*1,0E+05/(RO#TMQ)I*#(XH-H(1)))

9 TL=TMAL14XMQL/XMOL W T

_DTDZ2=TM3-TMR1 _

TMQ1=TMA
xMgi=xMa
RETURN

__END
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FUNCTION OMEG (XTedJ,IQF)

T1T(73,0M(7.10)

COMMON W, TM,XM,P, G0, RAD L+ RO XMOLY, T TMRL 1 X1 ) XMAL)PLVISIRATIAM
_IF LIQF) 7,8,9 o
8 CONTINUE

QT(4)=100+0
QT(2)=2n0,0
QT(3)=300.0 _
aT(4)=400.0
QT(5)5500.0

eT(6)=600.0

. QT(73%700,0 _____
C O¥( ,1) IS NITROGEN (MOLECULAR 1+E,

COM(1,1)=13,36
oM(2,1)511.,47
oM(3,1)=9.60

T omMi4,1)=29,43
OM(5,1)=9,137
oM(6,1)=d,68
OM(7,1)=8,509

oMU ,2) 1S ¢ARBON DIOXIDE

_ OM(1.23=23,604
T OM(2,2)=15,708
OM(3,2)=13.26
OM(4,2)=11,62
OM(S.Z) 12.73
0M(6,2)=10.28
QM(7,2)=9,83_

c oM(

OM(1,3)216,12
0M(2:3’ 11.7
OM(3,3)=10.,22

oM(4,3)=9,45

QM(5,3)=29.10

T ooM¢

OM(6,3)=8,81
OM(7.3)=8,59
{ »4) IS ARGON
_0OM(1.4)=17.15
OM(2,4)=12,58
. OM(3,4)=10.75
oM(4,4)=10,00
OM(5,4)29.65 _
OM(6,4)=29,49
OM(7,4)=8,86
»5) IS NEON

QM(4,5)=59,72

oM(2,5)=8,65

___0M(3,5)=8,239

OM(4,8)=7,903
_OM(5,5)=27.470_
oM(6,5)27.,422
oM(7,5)=7,203

¢3) 15 OXYGEN (

TTNR)Y.

MOLECULAR T,E. 02)

C oM«

46

1 6)

OM(1,6)=211.04

0”(?06) 29,28
_0M(3,6)=8,53

H2)

DIMENSTION H(98),TN(0) , XM(90),P(90),TI90) VIS(LB),RATILAY o010, 0

IS HYDROGEN (MOLECULAR 1.E,



Lo ey R Y

oM(4.7)=6,62

S OM(6.8)=14,57

+9)=cAR30Y MOMOXICE

oM(2,93={1.27

oM(4,6)=28,1A8
OM(5,6)=8.11
OM(6,6)=7,80
OM(7,6)27.52
»7) IS HELIUM
0M(1,7)=8,13
OM(207)=7c2
OM(3,7126,97.

OM(5,7)26,43
OW(6»7)=6.28
0M(7,7)=26,05
+8) 1S WpATER (H20)
OM(108)=37027
oM(2,8Y=27,89
oM(3,8)=20,14
OM(4,83)=17,48
OM(5,8)=215,92

OM(7,R)=13,52
OM(1,9)=15.58

oM(3,9)=11.28

0M(4,9)=9,49

COMO1010Y32402

OM(5)9)=9005
oM(6,9)=8,76
OM(7I9)=8.50
»10) s s FUR DIGXIDE

OM{2,10)=17.9¢

..QM(3,10)=14 69

™

4 RETURN

oM(4,10)0=12.91
OM(5,10)=11.92
oM(6,10¥=11.03
OM(7,10)=10.60_
DO 1 I=1)7

IF (QT(1)=XT) 1,2:3
CONTINUE

TIF (1-1) 6,2,6 ' T T

[=2]-1
OMEG=(OM( T +1, V=OM (T ) N7 T (T+1) =31 T I UXF=aT{ Iy Y% 0MT ) —
GO TO 4

END "
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FUNCTION CPS (T1,»
DIMENSION H(90),TVM
CAT(7),CP(7,10) N
COMMON H, TM,XM,P,GORADL» RO, XMOLW,» T» TMGLaXH1 ) XMQ1,PL,VISIRAT AN
C1F (1GF) 9.8,9 ] o
78 CONTINUE
@T(1)=100,0
QT(2)=2200.0
 QT(3)=300,0
QT(4)=4Nn0+0
@T(5)=500,0
Qt(6)%600,0
QT(7)=700.0
ccC +1) =NITROGEN
c9<1 1) 26,9562

DLQF) .
(907,XM(90),PL9N), TC(I0) 1 VISTL0),RAT(LD) 1 aM(10),0Q

cP(2,1)
cP(3,1)
cP(4,1)
cP(5,1)
cP(6,1)
cP(7,1)
9 2)
CP(112)
CP(?:Z)
cP(3,2)
CP(4,2)

¢ cP(

z6.9571

=6,9613

26,9910
=7,0703
z7.1968
=7.3509

CARBON PIOXIDE

=6.9806
27,7331
z8.,8942
29,8762

CP(5,2) =10,6646
cP(6,2)=11.3098
cP(7.,2) =11.,8456

C CP( »3) =
CgP({,3) 26,9567
cP(2,3) 26,9615
cP(3.3) =7.0237
cP{4,3) =7,1961

CP(5,3) =7,4315

cP(6,3)
cP(7.3)
1 4) AR
cP(1.,4)
cP(2,4)
cP(3.,4)
cP(4,4)
QP<5:A
CP(6,4
_ﬁEﬂ7o4)
15) = NE
CP(1:3)
CP(2.:5)
_CP(3.,5)
CP(4,5)
CP(5,5).
cP(6,5)
CP(7,5)

¢ cPe

¢ cP(’

48

Yy 24,9681

=716704
=7,8637
GON

=4,9681
z4,9681
=4.,9681
=4,9681
z4,9681
24,9681
ON

_4,9681
4,9681
4.9681
4.9481
i4,9681
4,9681
s 449631

MOLECULAR OXYGEN




B~

c ¢cP(

c CcPC

+6) = HYDROGEM
CP({16)=5|3934
CP(2,6)=6+5182
cCP(3,6)=6,893R
CP(4,56)=26,9753
CP(5,6)=26:9932
cP(6,67=7,0001
CP‘7;6) 7.0369
1 7) = HEL!UM

CP(1,7) =4,9681

T eP(2,7) :4'9681

c cP(

c cPl(

c cP(

CP(3,7) =4,96R1
CP(4,7) =4,96R1
CP(5,7) =4,96R1

CP(6,7) =4,96R1

CP(7,7) =4.9681
18) = wATER
_cP(1,8)=7,96p06 .

cP(2;8) 7:9694
CP(3,8)=z8.0276

TcP(4,8)=g,1864

Cp(518)=5'4161

T eP{6,81=28,6779

cP(7,8)=8,9571 S o
19) = cAR3ON MONOXIDE
CP(1+,9)=6,9564

CP(2,9)26.,9574

CP(3,9)56,9656
cP(4,9)=7,0129
CP(5.9) 7:12114

CP(6,9)=7,2760
CP(7:9)=7,4507

:10) 3 SULFUR DIOXIDE
CP(1,10)=8,0134
CP(2,10)=R,6948
CP(3,10)29,5451
CP(4,10)=10.3919
CP(5,10)=11,1292
CcP(6,10)=11.,7189
CP(7,10)=12,1755
DO 1 1=4,7

IF (QT(1)~T1) 1,2,3
CONTINUE
GO To 2
I=]-1
CPS =(CP(1+1,U)=CP I, J))/(QT({I+4)=QT(I)I*(T1~QT(]))+CP(]
GO T0 4
CPS=CP(1,J).
RETURN

END
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TABLE I.- THE LEGEND FOR THE MODEL ATMOSPHERES 1
Units
Computer printout Parameter
heading Scientific Engineering
Height Geometric height km ft x 106 . |
Temp | Temperature °K ‘R _
Pressure ' Pressure mb t 1b in, -2 1
Density \ Density gcm-3 , shugft 3
Speed of sound | Speed of sound m sec” ! ! ft sec_1
Molecular weight : Molecular weight ! g(g mole)-1 { (g mole)'1
1 \

Dens scale |: Density scale height ; km } ft x 106
Number density } Number density I em™3 ! £~3
Mean free path " Mean free path . m E ft
Viscosity Coefficient of viscosity . kg-m “sec ~ X 105 | slug f’c'lsec_1 X 105

& Pres scale Pressure scale height l km ft x 106
Mean particle velocity l Mean particle velocity : m-sec_ 1 ft sec'1
Coll freg Collision frequency sec” ] -
Columnar mass Columnar mass . g—cm'2 -

| Kinetic viscosity " Kinematic viscosity - ft?sec™]

t  Specific weight

Specific weight

slug ft~ 250c™2




TABLE II. - TYPICAL CONSTRUCTION PARAMETERS FOR A

MARS MODEL ATMOSPHERE

Surface Boundary Conditions

Parameter

Mean acceleration caused by gravity
at the surface

Planetary radius

Atmospheric tempera.ture near
the surface

Mean molecular mass

Atmospheric pressure near
the surface

COZ’ volume percent

Temperature and Molecular Weight Distribution

Z, km
14
70
90

100
110
150
200

1000

Symbol

-2
g, cm sec

r, km

T, °K

m, g(g mole'l)

P, mb

X2>< 100

T, °K

140

104.19
91.39
85.0
85.0
85. 0
85.0
85.0

Value

375.0

3381.0
210.0

44, 011

100.0

44,011
44,011
41. 05
35. 265
29. 48
16. 84
16.0

16.0
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TABLE III. - MODEL ATMOSPHERE FOR MARS

VODEL ATMCSPHERE PR MARS

LOQWFR.

CONSTRUCT10N PARAMETERS

SEIENTIFIC 1NTITS

——..__DATE 9/20/87

SURFACE PRESSURE = S.00 MR SIPFACE TEMPERATURE = 210.00 K SURFACF NENSITY = 12605 GM/CC
T BASE OF EXOSPHERE = 4000.00(F#) MOLECULAR WEIGHT = 44,010 SURFACF GRAVITY =° 375.00n CM/SEC/SFC
RADIUS OF MARS = 3381.00(KM) PFRCENT NITROGEM = «0n0 PEPCENT COP_ = 100,000 _ _
PERCENT OXYGEW = +000 BERCENT ARGON = LO00 PERCENT NEON 000
PERCENT HYDROGEN = 4000 PFRCENT MELIUM = 4000 PERCENT WATER =____ ,000 _
PERCENT CO = +n00 PFRCENT $02 = «00n
TEMPERATURE AND MOLECUUAR WETGHT GIGTRIBUTIONY
AT 16400  GEOM_KM TEMPFRATURF= 140400 K AnD MOLECULAR WETGHT= ub4.p1100
AT 70400 GEOF KW TEWPEPATURF= n4,19 v AND MOLEC(ILAR WFIGHT= 44401100
AT 90«00 GEOM KM TEMPFRATURF= 91,29 ¥ AMD MOLFCULAR _ wrIGHTZ 31.05000 _ _
AT 100+0G Gt oM KV TEMPERATURF= A%.00 ¥ AND MOLECHLAR wFIGHT=  3%.26500
' AT 110.00 GEGM KM TEVPERATURF= 05.n0 ¥ AND _MOLECHILAP___wEIGHTZ _ 29.48000
AT 150.00 GECM KM TEMPFRATURF= RS5.nQ K AND MOLECULAR WEIGH 16.84000
AT 200400 GE QM KM TEMPERP TURFT AS.00 K AND MOLECULAR _ WETGHTZ 16.00000
AT 1000-00  GFOP h¥ TEVPFRATURF= 85,00 ¥ AMD MOLFCULAP  wFIGHT=  16,00000
CALCULATED QUANTITIES __ e
MEAN MEAN _
T WEIGAT  TEMP PRESSURE ~ DENSITY  SPEED  WOLECULAR DENS  VUNPER FREE VIS-  PPES PARTICLF COLL COLUMNAR
OF SouNe wEIGHT SCALF  PENSITY PATH rOSITY _<CALF VELOCITY FREQ MASS
TRMT KT BT (GH/7CCY  R/5ECY [§3] {PER CC) 3] (F+=5) (KM) (M/SFC) {PFR SFC)
0 2I0.0 5. 00+%00 1.26-05 230, 44.0 1fJ16 172417 A426eN6 106 10.58 x1a, 3AN+07 N.00n
S 184.9 3.062+00 £e66=06 217, 4440 12.51 te18+17 1.22+05 91 9,34 298, 2:45+07 5272+01
It 1539.9 170400 S.64-06 203, 44,0 10+8% 7+72%16 Jep7=08 e TR 2,11 277. 1.49+07 8809400
15 139.4  8e74=01  3.32-06 1ag. 44.0 7032 4.%u+16 217208 2A5__ 7.08_ 25Qe  RL16+06 _ 1.104401
200  136.1 4.28=01 1.67-06 188, 44,0 TelR Pe2at16 fe2Z2=D5 oAl 6484  P8A. 4.05+06 1.224401
25 132.9 240701  £.24=07 196 H4e0 7403 1013416 1.28=N4 462 F.79 257, 1,98%0F  1.28340)
30 129.6 9.83-02 L,n1-07 1kt 4440 64R7 C.uq+18 R 61 FehB 260, 9.51+40% 1.313401
35 120.4 405902 1.52-07 182, 44.0 672 2+463%15 Sel8=n4 59 £45n0 247 4,50+05 1.327401 —
4o 1232 2.11-02 Q.06-08 1¢0. EEYT] 657 1e2u%15 1.16=-03 kR fe3h P43, 2.10405 1.338+01
45 120.0 9.52-03 4.20-08 177, 44.0 6e42 75414 2+51-03 «Fh _ Fe21 P40, 9.58+04 1337401
506 1ls.8 .21=-03 1.91-0Gp" 175. 440 627 Peh1t1Y Se52=-03 85 felh 237, 4.3n400 1.338+01
55 113.7  1.83-03  £.51-09 173. 4hep 6012  1.17%18  Jepu=pp CeSH 5491 230._ 1,R8404  31,%3940%
() T16.5  7.77-04  3,72-00 T70 LE.0 S.9f e Aat13 2.53-07 B2 R.77 231, 8.14403  1.330401
65 10743 3e23=04 1+59-09 168 0440 S+R1 Delpti 6.h2-02 51 Fe62 227 343403 1.%39401
70 105.2 1.31-0% " 6.65-10 Te6. uhe0 565 0,10+12 l.Ra-0M oS0 S.47 224, 1.41403 14339401
75 101.0  5.22-75  2.69-1C 166, 4343 S5e4O  2.7u%1p  2ePSe0Y  GbA _ Sel) 922, S.77402  1.330401
80 97.8 2+06-05 1.08-10 163, 425 Se0* 1.682+12 Qet5=01 LY ] R34 221, 2.33+02 1.339401
85 G4e6  Be02-CH  Le26=-11 163, 4148 5% felutly 2.25400 287 5427 _ 219 9433401 1.339+01
90 914 3+09-C6 1.67-11 160 L1.0 5N Palintly Eepa+np Y Te20 217, TAA4NT 1.339+01
95 88e2  1.20=06 h.26-12 163 3842 520 co.potyn  VWLEFPY .05 B.4p 221, 1.52+01 1339400 . __
R 1 85.0  G.BB-07  2.U8-1p Thée 3.3 SeB0 T UTR*1I0 0 Rea7401 i B.BF 22A. 6.,524001  1.339401
110 85.0 9.70~08 4«05-13 1P2. 29.5 6403 f.26109 174402 stily EoRP 247, 1.,42400 1,2309401
120 B85.0 2.43-0E q.04=-14 143, 7643 Te 04 2e.n7t0q [T 1t] oty Te6Q 267 Je7R=11 1.339401
130 8540 7.18-09 2+435-14 206 2341 Tepe fai12+0R P60 ety £.79 279, 1.19-01 1.330404
14g 85,0  2+09-08  7.05-15 221 2040 8 AX TTAIRA0R RlTA+03 4 [N,3T FAML UGT=02 1.33940¢
150 6540 1402=09 2e42-15 2u1. 168 Q.90 feRA+NT 1.fp*00 efin 12,71 127, 1.96=n? 14339401
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TABLE III. - MODEL ATMOSPHERE FOR MARS - CONTINUED

. 160 350 _ 4at1=3C )1s0v-16 2iD. the? 12625 r.mudp7 _ TLD04qu sUY  1P.U4n_ 229, R,7A-03  1.339401
170 CETFEREES T E TS CHE. 1645 12440 1.TIENT £ Reng 84 12,60 330, 30507 1,339401
180 obhel Gedg=1] cell=lg RIS 1643 12,07 2.86%04 104406 a4t 12.p0 3312 ~1aP1=-03 _ 1.330401
190 8540 Lelb=11 bk ax TLROHCA Teond4ns o4l 132,00 334, Re27w0l 1330401
200 55,0 1. 11 227 el 1e40406 _ Fetytns .osg . 17,21 335, Je03-04 133940}
210 65,0 Qail=12 BN 13.2°  ~.an+4ng 1e0p406 Pl 1%,00 335, 1.85-04 1.739401
220 6540 4e029-12 Ly 2o I8 T2THHANG | TarR40A Sl 1%.e 3R, 8,71-0% 1330401
230 6540 2eCu-12 i Y 1e70+0R Ne12+DR o0 1 T.un 3R, Uet3=ns 1339401
240 6540 Gah12=12 Ct7. LRI 1e714p7 ol 13,8y 238, 1:97=0% __1+339+01
250 u5.0 GeTu=12 Isu7=12 DT 16.0 1345P reonuton TLETH0T sy 13,850 335, S.un=nk 14339401
260 8540 2e28=12 S.15=19 ey 16,0 1366 1eOytny Te02407 284 1T,pA 235, 4.51-06 1.339+401
270 0Le0 1¢10-13 delid=19 oy 1640 13.72 Cay+n3 1«Eltnp il 1773 B3N, 2e17=06 1339401
280 6540 Sel0-t4 le2t=19 N7 1640 13.581 Le50403 _ X,18408 o4y 13,821 335, 1.05=06 1239401
290 6540 2e58=14 FelX=20 L7 1640 13ep0 NePr+nx FeSg+na s484 1%,00  FIR, Selten? 1339401
300 d5.0 1e06-14 L e 4=20 P Y 16.0 13.9¢ 1e07DZ  JeRS40O oYy 32,06 3R, 2;49=-07 1,339+40]1.
310 850 6¢15=15 207 16.0 14.00 LET-UET P Je754n0 Wy 1h,pn 3R, 11,2007 1.339401
320 8540 JeN2=15H 7. 16.0 14.11 Da8p*02  _ BLRpHNQ o4t 1M411 335, S.992=08 1339401
330 6540  1+49-15 7. 1640 a1 127402 1413410 slft qhi,l1a TR, 2,06eR  1.339401
340 8540 T+38=16 7. 1é.73 14.27 fa20tn] Ze29+10 sy 14,27 335, 1.46=ng 1.339401
350 Eb.0  3eb7-16 ou7. 16.0 1420 1340 HeR1H1D WUl ML 34 338, 7.08a09  1.33040%
360 dbe 0 1:83=1¢ 207, iheD 1442 1eBf+01 Celut1n o4k qb,45 318, 2,A3=00 14339401
370 85,0 9e17-17 47 3640 1h4eEn TeR1400 Tenu+qt Yy JUL.GR 315, 1.A2an0 14739401
380 ©5.0 4at1=17 L7, 1€ GBS 20092400 (.ATHI1 . L4y 38,58 23S, Gel4-10 1.339+401
390 8540 2432=17 K *hel 1he6% teanton 72411 otk tULRR X35, 4e61=10 14339401
4090 bhe0 1.19-17 7. 1640 1473 1en0tng _ leth+12 ohy 14,72 335, ?e3%=10 1.339+01
410 8540 5e98=1b 2h 7. 1640 144810 Feln=py PePIH12 CLN LY B & LY 1.19=1n 1.3309401
420 85.0  3e05-1p P47, 1641} 14,00  r.AR=DN] F.FR+1D ol Q8.0 378, F.N5-11  1.339401
430 8540 1e5Se=1¢ a7 16+0 14.97 13204 TaPR+12 sty {4,Q7 735, Fa00=11 1.330+01
440 8540 geMl-19 257 16.0 1504 £eRI=D2 21141 _e8u  1R.04 235, 1.50-11 1.730401
450 85.0 4e13-19 2uTa 1.0 15417 TeEp=N2 derpty Ay 15,12 xR, A,19-1?2 1+239+01
%60 B5.0  2¢13-19 cu7, 1640 15.20 1082702 7402413 sl 15,20 2R, 4e23~12  1.339401
470 85,0 1s11-19 PuT. 16.0 15.28 Bali=nZ 15241y sy 15,20 3R, 2.P20=12 1.330401
480 85.0 5.77-20 217, 1640 15+3¢ f1.Q1=07 D.0341Y 248  1543F 335, 1elli=)? 14739403
490 85.0 30120 th7. 16.0 1544 7a87-N3 ReA1+1Y il 15,44 338, 5§4Q7u]R 1+339401
500 85.0 1458-2¢ 7. 1640 15452 1eTR=P3 1 P7435 WUl §S.52  3T®, X, 1313 1339401
550 8540 6+56=22 247, 16.0 15.92 FeRA=08 2e%8%16 il 18,ap w25, la30=18 1339401
600 85,0 _ 2+85-23 247, 1640 16433 p.Sp=nh  R.T73417 _eBil 16.3% TIE,  §,8/-16 14330401
650 85.0 1elli=24 247, 1640 1670 1422-07 1a10439 iy 1R,TH 3RS, 2.R5=17 1330408
700 85.0 7+52-26 207 1640 17.1¢ felt)1=nQg 2425420 B 17,16 R3S, 1.49=18 1339401 _
750 85.0 423-27 T67. 16.0 17.58 ReAN=1N Lenn+o1 sHy 17,58 %38, R,38-20 1339401
800 8540 2e55-28 247 1640 18.0) 2e17-11 Feblit22  ___anf 1R,0] _R3I8. _§,NG=31 1+339401
850 85.0 1+64-29 247 16.0 18445 Jeltn=15 ler24py sl 1R.UR R3S, Fa25=22 1+339+401
900 85¢0  1.12=3n 247, 1640 18eR0 0,001 150426 W41 1R.BA 335, _ 2,23=23 14339401
950 85.0 842132 247. 16.0 19.32 7eN0-15 PenE+26 iy 19,33 38, 1aR3upy 1339401

1000 85.0 6+36-33 247 16.0 19.7R Selip=16 2:66+27 o84 19,78 335, 1.26=25% 1339401 _
COLUMNAR FASS = 13.39%  GM/CC COLUMIMAR WASS FCR €0z = 92,705 fM/CC

€s
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TABLE II. - MODEL ATMOSPHERE FOR MARS - CONTINUED

1*ODEL ATMOSPHFRE FQR MARS

1 OWER

TONSTRUCTION PARAFETERS

FNGINEERTNG UMTTS

SURFACE PRESSURE

= «073 LB/Sq IN

SUPFACE TEMPERAT!IRE

= R78.0 R

SUPFACT DFNSTTY

NATF 9/20/67

2.45-N& SLUG/CY FT

PER CENT CARBON UIOXIDE = 100.0

MOLFCULAD WETGHT = &r,ny

T SURFACF GRAVITY = 12470 FT/SEC/SEC

CALCUCATED QUARTITIES

MEAN VEAN
HEIGHT TEMP PRESSURE NENSITY SPFED SPECIFIC prgS DEMS _ NUWBER  PARTICLE  FRFE _ _ VISe KINETIC
(SLUG/ QOF <OUND WEIGHT SrALF SCALF  DENGITY VWFLOCITY PATH COSITY vIsc
{MIL.FT) (R} (LRp/se Ind cU FT)  (FT/SFC) (MILFT) {PFR _Cl FTI}_(FT/SFCY__(FT) {F+5)
<0000 378.0 T.26-02 2.45=05 756, 340-08 035 «NGA Beat21 104%. 2 7=08 222 9.1=03
<0164 33249 4439=02 1.68=05 713, JoN=04 0%1 041 Roy+21 ©7qs _ 4en=n%S L 1.91 1e1=02
«0328 287.9 2¢47-02 ~1,10-0% FEBe J.0-00 0727 «N36 242421 Qipe. 6 1=0% 1.99 1+8=02
«0492 250.8 1+27=-02 6+45-06h 624 3.0=-04 L0273 «N24 143421 Alas 1e0=0Y 136 24102
+0656 2450 6.22-03 3e2h=0A AI17e 3.0=08 023 N2 6eR+20 f40. 2e1=04 133 4.1=D2
+0820 239.2 3.00-02 1.60-06 €10, 3.N=0U 022 «n22 Je242n az2ge 4.2-04 1.30 fel=02 =
U588 23344 T.33=03 7.p0-07 A%y =00 NER) OFE] 1.6+20  Rlq. R g=0l 127 1eh=01
1148 2276 6+67-04 3e74=07 LT 3.0=-04 .021 ef22 T.5+12 80a. 1,A=03___ _1.24 3e3=-011
<1312 221.8 3e06=-04  1.76=07 589, 2.9=04 071 22 3.5+10 199, 3.A=03 1421 6e0=01
21476 21641 1.38=-04 8e16-=07 SR 2.0=-04 «020 021 1ep+19  78Re _ R42=n3 _ 1egA 1.4400
«1640 210.3 6¢12-05 3.71=0R TG 2.0-08 020 .n21 Tey+18 778 1.8=02 1418 3.1400
«1805 20446 2+65-09 1.65=-08 R67. 2+9=-04 019 «020 3e3+18 767 Hel=N2 1e12 628400 -
+1969 198.9 1.13-0% 7+23-09 559, 2.9-04 2010 020 legy+18 756 Qe 3=nN2 1eno 1+5+40%
«2133 19342 4168-06 3.09=09 551, 2.09=04 2018 «019 Fe2+17  Tups 2:2=N1 __ _1.07_  3.5+01
+2297 187+5 1.90-06 1.29=-09 ShG. 2.0-08 W08 «019 2egt17 735 Sep=01 1.04 Re1401
2461 1818 7+57-07 Se22=10 54N, 2.,9=-04 «018 nin 1e1+17 720 13400 _ _ 1eM 149402
«2625 176+0 2+99-07 2.09~10 536 ?+.9=00 <018 «n1e 4.3+16 T2u. Fe1+00 «99 4.A402
+2789 170.2 1.16-07 8e28=11 S35, 2+9-04 . 017 018 1.7416  71R. 7.7400 <98 12403
«2953 16445 4.48-08 3.2u=-11 525 2.9-04 017 017 feg+ts 710 1.0+n1 T 3.0403
«3117 15847 1.75-0a l.p2-11 535, 2.9-04 .01p N7 PeA+15 _ 72ge HeR+0) 94 78403
«3281 153.0 — 7.08-09 4.73=12 546 248=-04 019 enln 142415 M. 1e1+02 Q3 20404
#3609 153.0 1e41=09 7.86-13 - sa7. 2.0-04 $0P22  n20 23414 811 5e7402_ _ +93, 142405
«3937 153.0 J3.53-10 1.76-1% £33, ?.0=00 ED 022 Reg+13 8%p. 243403 a3 53405
4265 1530 1.04-1p 4457-14 675 2+R8=04 020 026 17413 915 7.7+03 283 220406
ZU503 153+0 Je62-11 1o37-10 TPhe 2e8=0% L0304 N29 fe0F1?  QARKs Peotnt .93 68406
24921 153.0 1.47-11 4e71=15 7an. 2.8-04 L04n o033 2s5+12 1073 S.5%06 .93 2.0+07
#5250 153.0 6.504-17 2.07-15 FLI 2.7=04 081 «NUo0 141412 1078 1+2+0% g% 45407
5578 153.0 2:94-12 Q9.19-16 799, 2.7-08 041 41 Geg+tl 10RUe 24705 93 1.04D8
+5906 153%0 1.35-12 4.14-16 AO3. 2.7-08 < 0u? 041 2+2%+11 1089, 6.0+0% (] 2+2+08
6234 153.0 6016=-13 1.89~16 anze 207=04 L0433 <042  1.0+11_ 1095 1.3406 93 49408 _ .
- +6562 1530 Z67-13 Be71=17 ALl 2a7=Nb L0u3 NG3 Geg+1n 1100« 28406 9% 1e1409
+6890 153.0 1¢35=13 4409=17 All. 2.7-04 <0ty nuy 242410 1100+ 620406 Q% 243409
7218 153.0 6.38=1%  {.a3-17 350 2,704 0UG 0o 1e1410 1100 1.234n7 «Q% 448409
«7546 1530 3e02=-14 9.16=18 &1t 2+6=04 084 Q44 5.0+N0 1100 2.7407 +93 1.0+10
787G 15340 Te0G=10g Ge30-1R Alle 2+6-08 S04 <044 Zeutna 110n0. Ga6407 ACE] 2.1410
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TABLE III. - MODEL ATMOSPHERE FOR MARS - CONCLUDED

28202 153.0 6+88=15 2409-118 Rlle 2.6=04 2 QU8 OUS__ _ 1,1400  1100. ~1.2%0R 93 4e4+10
«8531 153.0 3.30-15 1.00-18 atl. 20l .ous JNUR Ge5+NR 110N 2.4408 .03 93410
+8859 1530 1.59-19 4.82-19 211 2.6=04 L0685 045 2.6+08 11004 LI EY.T] [-k1 1.0411
+9187 153.0 7.70=16 2433~10 Alle 2.6=04 « 005 $NYs Le%+0R 1100 1.0409 .az I3RS
«9515 15340 3.74=16 1.13-19 "1, 2.6-04 0is  WNHE £e2+07_ 11006 . 242409 .a3 Be2411
9843 153.0 1.82-16 5.52=-20 alle 2.5=04 TS o QUR X 0+07 1100 Gen+na .03 17412
140171 153.0 8.92-17 2.71~20 plle 205=04 045 LT . 1.5+07 1100. 9.0+409 _ «93 Tali412
1.,0499 15340 4.39=-17 1,33=-20 Al 2.5=N4 NILY OUA T+3406 1100 1entin 9% TeN412
1.0827  153.0 2016-17 Se50=21 Al 245=04 2047 __ o047 3,6+06 1100 3.7410 .93 124413
1.1155 153.0 1,07-17 3.25-21 att, 245=04 Nu7 oNu? 1.p406  ti0N. 7.5+10 Q3 20413
1.1483 _ 153.0 5,33=18 1eg1-21 211, 24504 087 .n47 B.9+05__ 1100 145411 .93 Ge7+13
1.1812  153.0 2.06=17 a.ns=27 211 2.5=04 Louv . 0g7 4.4+05 {100 Zen+11 «93 1.2+14
1.2140  153.0 1.33-12 4.03-22 211 2.0=04 0UA __«PUA . _2,2405 _ 11Qne Ba1+11 _ 293 Pe3+1y
l.2468 153.0 6069=12 2.03-22 a11. 2su=ny 04 Nue 1,105 110n. lep+12 «93 L6414
1.2796 153.0 3.37=1° 1eQr=22 o1l 24404 ROLY: Ny Ref+0l 1100 Deli*12 +93 9e1414
1.3124 1530 1.71-19 Se1R=27 A1l 2eb=nu 0un <04rp 2:a%04 1110, 4.7+12 =93 1+8415
143452 153.0 8.68~20 2.63=-2% °11. 2el=Dy «DUO L0890 l.y¥n4 __110p. Ge3+12 . +93 3e5+15
1.3780 153«0 Gop2=20 1.30=27 a1l. 2olim0l JQuc Nyo 7.440% {100, 1eA+13 <93 feQ415
1.4108 153.0 2.26=2¢ 6e8E~2Y4 11, 2eli=0U 2049 _«NUO 2,84P3% 1100 3.6+13 203 1e4416
14436 153.0 1.16=20 3eSe=20 n11. 2.4=04 0un Ny 1.9+0% (100, f.9+13 9% Pebtle
1.4764 153.0 5.99-21 l.0c-24 21le 247=04 2080 o NEQ 1.0+0%  110p. 13414 .93, Sal+16 _
1.5093 153.0 3.10-21 2.36=2% atle 2e3=n4 050 FLET 5.2402  110Ae 2.6+14 a3 0.0+416
1.5421 1530 1.61=21 4487=2% °11e Pel-04 SO0 WPEP 2,7+02 . 1190 Se0+14 «93 149417
145749 1530 Be37~22 2eaL=2% a1l P 3=fil JORN LT ley+n? 1100, q.6t1y .03 B 7417
1.6077 153-0 4.37-22 1.22-25 A1l 2. Im=04 W08 _ W08 743N 11006 1.8+15 .03 Te0#17
1.6405 153+0 2429=20 GeOh=Zh 21l 2s =0l L0517 081 3.8+01 110D, B,54+15 +O% 123418
1.8045 153.0 9.52-2u 24p0=27 n1t. 2.2=04 «052 SNE2 1.8+0P0  11an. R.5+16 +93 2eP419
1.9686 153+0 Ge29-25 T.30=27 atte Peo=04 JOF4 L nst Ta1=r2 110n. 1.9+18 0% Te142n
241326 1530 2.08-26 he37=31 911, T241-04 A0F8 W PBE  X,canT 110p. 3,040 .0% 15422
2412967 153.0 1.09-27 3. 31=31 11 2.1-04 +08s W NRE len=n4 1100, Tau+20 «23% PeA+23
24607 15340 6413-2C tens =32 211 Re Ny « 058 eNRO 1enN=n% 1100 1e242p «93 SeN424
246208 15340 3.70=30 1. 15573 1. 2. 0=04 .080 P80 fe1=n7  11Nn. DepH02 .02 A.3425
2.7888 1530 2.30=31 Te21=3% £17e 1.0=04 WNRY R NeN=NR  110[s 3.4+004 .03 _ 1e3427
249529 153+0 1.63-37 4e9f =35 1l l.0=01 YY) N 2.7=00 110N 4.0+28 L.a% 1.9428
3+1169 1530 1.19-33 2461-37 £11. 12P=0l4  _LJ0RY _ WfFT O 2en=gn 1100 6.0426 «93 ?e6429

CULUMNAR »ASS =

TFen SLUC/ST FT

PLANETARY ra~Tl'S =  2neq.e vILFS

QRS oves
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TABLE IV.- MODEL ATMOSPHERE FOR EARTH

MODEL ATMOSPHFRE FOR FARTH

UeS4+1962
CONSTRUCTION PARAMETERS " SCIENTIFIC UNITS DATE 9/20/67
SURFACE PRESSURE =  1013.25 M8 SURFACE TEMPERATURE = 288.15 K SURFACE DENSITY = 1,22-03 6M/CC
BASE OF EXOSPHERE = 4000.00 (kM) MOLECULAR WEIGHT = 28963 SURFAGE GRAVITY = 98N.665 CM/SEC/SEC
RADIUS OF EARTH = &378.40(KM) PFRCENT NITROGEN = 78.080 PERCFNT €02 = <030
PERCENT OXYGEN = 20.950 PFRCENT ARGOM = <930 PERCENT NEON 2000
NT HYDROGEN = .000 PFRCENT HELIUM = <000 PERCFNT WATER .000
PERCENT CO = +000 PFRCENT <02 = -000
T TEFPERATURE AND MOLECULAR WEIGHT DISTRIRUTION: -
AT IT.00 GEOP KM TEWPERATURES P16.65 K AMD MOLECINAR ~WETGHT= 2R.9644n
AT 2000  GFOP KM TEMPFRATURF= 21665 K AMD MOLECULAR WEIGHT= 2R.96440
AT 3200 GEOP KW TEVPERATURF= 728465 K AND MOLECIICAR WFIGHTZ 2R.96440
AT 47400 GEOP KM TEMPERATURF= 270465 K AVMD MOLECHLAR WEIGHT= 2R.96440 _
AT §2.00 GLOP KV TEMPERATURES P75 K AND MOLECIILAR  WFIGHT= 2R.96440
AT 6100  GFOP KM TEMPFPATURE= 252465 K AMD MOLFCIILAR  WETGH] 2R.06440
AT 79.00 GFOP KM TEMPFRATURF= 18065 K AND MOLECULAR WFIGH 2R.96840
AT 90.00  GEOM K¥ TEMPERATURFS 1R0.65 K AND MOLECUL AR WEIGHT= 2R.96440
AT 100+00  GLOM KM TEVPERATURF = 210402 K AND MOLECU!LAR  WFIGHT= 2R.RT777
AT 110.00  GEQM KM TEMPEPATURF= 257.00_K AMD MOLECULAR WFIGHT= 2R.55880 _ _
AT 120.00 GEOM KM TEMPERATURE= 349,49 K AMD MOLECULAR WFIGH 2R.06A12
AT 150400  GEOM K™ TEMPERATURF= R92.79 ¥ AMD MOLECULAR _WFIGHT=__ 26.918%6 .
AT 160.00 GroM K¥ TEMPFRATURF= 1722.20 v AMD MOLFCIILARP wrTGH 26.65773
AT 170400 GEOM KM TEMPERATURF= 1103.40 K AMD MOLECULAR WEIGHTS 2FA+39848
AT 150.00  GEoM KW TEMPERATURF= 1205.u0 K AND MOLFCULAR WFIGHT= 25.A4054
AT 23000 GEOM K¥ TEMPERATURE= 1322.20 K AMD MOLECHMLAP _ WEIGHT= 2446990 _
AT 300.00  GFON KW TEMPFRATURF= 1432210 « AMD MOLECULA®  wFIGH 22.65a57
AT 400400  GEOM KM TEMPFRATURF = 147,40 K AtD MOLECULAR wEIGHT= 19.9%@21
AT 500,00 GEOM KM TEMPERATURF = 1099,70 K AND MOLECHLAR WFIGHT= 17.93a75
AT 600.00 GECM KM TEMPERATURE S 1506.10 K AMD MOLECHLAR WFIGHT= 16483874
AT 700,00 Gl OM KF TENPERATUR® = 1507.60 K AMD WOLECUILAP WFIGHT= 1f.16897
AT 1000.00 GECM KM TEMPERATURF= 1507.60 K AMD MOLECULAR WEIGHT= 1Re00000
CALCULATED QUANTITIES L
MF AN MEAN
HEIGHT  TEMP_ PRESSURE  GFHSITY  SPEED  MOLECULAR DEMS  tUMAER FPEF VIS- _ PRES PARTICLF CALL COLUMNAR
B OF §OUND  WEIGHT  SCALE RENSITY PATR COSITY SCALF VFLNCITY FREQ MASS
(KM) (K) {MB) (GM/CC)  (M/SEC) (KM} (PER CC) (M) (F+5) (KM} {(M/SEC) (PER SEC)
4 288¢1  1.01+03  1.22-03 340, 29.0  _ 10.42  2.85419  E.E7-08 14RS  AL43 459,  6.AA+NA  0.0N00 R
5 255.7  GeL40¥02 7.36-04 1. 29.0 9.26  1.53%¥19 1.11-07 165 7.50 432,  3,90+00  4.821402
10 223.3  2.65+02 4.14-04 360, 29.0 8010  p.6n*18 1.98-07 1e86 6456 #40Us__ 2.04409 _ 7.635402
15 216+6  1+21%02  1.95-0%& 295, EERY:] 6437  4.NGFIR  U.00=n7 1.42 6437 T9R.  G.40408  9.106+02
20 2166  5.53+01  8.89-05 2a5, 29.0 6438  1.85+18  S.19-07 1s82 6J3R__3GR,  U4334NR  G,780402
25 221.6 255401 4.01-05 208, 29.0 635 PR3+ ?.nu=ng 1e45 £o54 4N2e 1.,Q7408 1,009+03
30 22645 1.20401  1.B4=05 302 29.0 650 _2.°3+17 _ HeU4e06 1e888 . 6.69 807, 9,17+407  1.022403 _
Is5 236+5 5475400 R.L46-06 RN 29.0 6:47 1.76+17  9.RB-06 Te84 7,00 41he 431407 1.029+403
40 25044  2+87+00 4.00-06 317. 29.0 6ePF  poRt16  2.04-05 1662 Teli2 42P, 2,09407 _ 1.032+03
45 266.2 1.49%00 1.97-06 126« 29.0 725 G.Na¥le  Ge1R=05 170 7.R4 439,  1.06+07  1.033+03
50 270.6  7.98-01  1.03-0p 330 29.0 8e0D%  2.13+16  7.96-0% 174 __R.0% 445, 5.59+06 _ 1.034+03
55 265.6 4+27-01  5.61-07 327, 25.0 840 1.97+16  l.u6-n4 171 7.91 441.  3.024N6  1.034403
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TABLE 1IV.- MODEL ATMOSPHERE FOR EARTH - CONTINUED

60 25548 242501 3alin=n7 higd I 9.0 RedPf faRE¥18 20RT=00 . 1465 7,63, 432.  1.624N6  1.035+03
65 239.3 1.14=21 Tee7-17 1n, 29,0 Retr TR+ 1S haCn=nn 1455 7415  u1A. 8453408 1.035+03
70 219¢7 5.tp=rp +75-04 247, 28,0 Jeut 1.8241%  Q.%*y-nu latit  £.57 40l 8.20405 . 1.035+03
75 2001 Zelty=ng g 70,0 Be7" colr1H1Yy tepQupnz 10722 /.00 2D, ?e03+0% 14035403
80 180.6 1elf=pz 270, 200 6217 18414 4.ra-n2 1.22. FR,42 247, 8.89+04 1.035+03
85 1806 4elP=n3 27N, 201 Sl x 1465414 1.n2=np 1.22 ST R[%, EPLUE N 1.035+03
90 180.6 _ 1.64-03_ 2,17-C9 270, 29.4 Sell _ £.%0412 _ 2.°8-D2 1e22  S.84 263, 1,41+04  1.035403
95 195.3 6eBU=NY 1.21-09 RS Y ~R.Q Helin Ak B i) feTH=nD 1.7 S.Qn  x7P, Se61403 1035403
100 2100 2elU=04  w.97-10 201 ~A.g S5ePT _4.0ut1T 1.An-n] 1.70 _ 6.3 392 2,39403 __1.035403 .
110 257.0 Tel35=C5 Gebi2-11 ok “Pefh he 0k ~eNT7+12 Fan0=N1 1446 TR0 426, Se22402 1.n35+03
120 349.5 2250=01% aet2=11 320 ZFel Aahl ca22411 . Z,25+00 2412 10,96 K13, 1.58+02 1.035403
130 5311 1e22=n% TeSrm12 N2 STe4 10667 TefRt1 1ar24n0q 2«78 17,11 AUl R 2A+N1 1.035403
14g 2122 Te41=CFH 2,29-12 Sife 7.1 140t TLSHYIR | 2.2840) 3eUn 22,27 T4h. 331401 1.035+03
150 892.8 S:(6=0N6 1e84=12 F1z, 2649 1829 CEARES U] Uargtny 80 20,4A  A3R, 2.034+01 1035403
160 1022.2 3efO=016 l1e16-12 rta, 2647 £3:3¢ 2af2410 fa0G40] YeN7 RL1E __anl, 1.29401 1.035+03
170 1103.4 2+ 79=0¢, ) eD3=13 o, P60 2845° 1,824+10 427401 Ue”3 37,37 anul, 1.01+01 1.N35403
180 1154,.5 2+15=06 Se86=12 7¢p. 26l 209 135410 1e26%02 433 39,64 0Q@R8. 7.569+00 1.035+03
190 1205.4 l.8-06 4e35-13 7:7 5.8 LUk 1e01+10 1.AR+Q2 Yelt? 41,93 Qqau, 502400 1.035403
200 1234.8 1.33-0¢& 3e32=12 41, 25,5 2772 7222408 217402 4al17 43621012, H.66+00 14035402
210 126440 1.06~26 2456-13 74, 2542 29,10 fe1n+ng 2e708402 453 8,31 103N, 3.70400 14035403
220 1293.2 85707 1+99=13 107, 2540 HOs 66 LeAntna 2, E0402 n.58 47.02 1047 2.96+00 14035403
230 1322.3 6eGE=07 15613 779, U7 u2e14 .01+09 Qeuptny Ue3 4RLT2 1065 2030400 1.035+03
240 1338.1 S5e68=07 1s24-13 7t a9, 244 44447 2.N0409 FaE2+02 . fepn &N.14 1079 1,95400 1+035+03
250 1353.9 46707 0,a7=14 79, 24,0 4575 ~e8N+0Q EePN4NP 4.69 =®1.57 1ng2, l.61+0N 1035403
260 13696 3.86=n7 Qe04-1y 0. 23.7 47402 2a04%0Q_ Pu334g2 %71 §7.99 1105, 1433400 1.035403
270 1385.3 3+20-067 €e52-14 ala. 3.4 4B 20 1+67+09 102403 474 RULUD 111R. 1.10+00 1.035+03
280 1401,.0 2+67=-07 Se31-1y “2R. 232 U9.5F 1.3sn400a le22402 477 55,86 1131, 9,19=01 1035403
290 1416.6 2e24=07 4 e35-14 AXI7. 229 SQ«RU 1.14+09 1elip+n= 479 S7.30 1144, T7.71=-01 1.035+03
300  1432.1  1e58=07 _*,5A-14 267, 27247 S2e12  C.RT4NA_ 1.784NT . 4402 88,74 1157,  6.49=01  1.035403
310 1437.7 1.59=07 $a97~14 LYY 223 Bl4e17? renztga ?e124n0 4.8 £n,00 1157, 545101 1035403
320 1443.3 1+35=-07 Ze88-14 k2. n2.0 551 £27740R  _2.51+p% YeRy {1.25 1178, 4.69-01 1+035+03
330 1348.9 1.15=07 2.07-14 Q. 21.7 fHelit S.74%08 2e06+0% RS £2.51 118RA. 4,.n1=-01 1.035+03
340 1454.4 GeBQ=NR le74-1y "77. 21.5 G7.50 LeARtRR 2auREND U.RA_F£3.78 119R. Jelt-01 1.035+03 _
350  1460.0 B+39-N8  1.46-14 ary, 21.2 RAWTE yL1RH0A G.NR4NT UeA7 65.04 1208, 2.,96=01 1.035+03
360 146545  7+20-08  1.24-14 fa2, 0.9 S9eAR  3,BFH10R  G.77+0N3. 487 £6.31 1218 2455=01 1.035403
370 1471.0 6+20=-08 1.05-14 Aga, 2N.7 61len* TeNp*NA EeRR+N 44AR K759 1209, 2.21-M 1.035+03
380 1476.5 5e36-08 Ae91-15 06, 204 €241P 2eA2NE Feltp*D™ _4eR9  ER.BA 123AR. 1.92=01 1.n35+03
390 1481.9 4e64=-08 7.00-18 13, 20a2 A3e37 2e27%0R 709403 4.00 70,18 1247 1.67=01 1.035+403
400 1487.4 4+03-N8 ©s50=-15 920, 19.9 t4e09 1.96%08 Pefbtn3 401 71,843 1257, 1e45=01 + —_—
410 1488.6 3+51-08 5+59-15 Qa%g, 19.7 6669 1+71%0R G.06+03 4eQ1 72,51 1264, 1.27=01 1.035+03
420  1489.8  3+06-08  t.d1-15 a31. 19.5 £7.60  1.89+0R  1.10%04 _ 8.91  73.60 1272, 1.11=07__ 1.035+03
430 1491.0 2+67-08 Lel6=-15 936 19.3 AB.T7D 1430408 1e1+0u .02 74,69 1279, 9.78=02 1.035403
440 1492.2 2+34=08 3460-15 2. 191 Q70 1.314408 1.50+04 .02 75.78 12087, _ AsA0=02 _ 1035403
450 1493.3 2+05-ng 2.12-15 au7, 1.9 70.71 Q.a5+407 1.71+04 4.02  7FR.8R 1294, 7+5R8=02 1.035+03
460 1494.5 1.60-08 2+71-15 53, 1R.7 T1.72 PeT4+07 1.04+404 4492 77.98 1302 Ge70=02 1.035403
470 1495.7 1459~-08 z+36-15 T58. 18.5 7273 T«H0+07 221400 4,07 79,08 1309, 5e92=012 1+035+03
480 149649  1.40-08 _ 2.06=15 %3, 18,3 T3eTR geTAFNT 2481404 4493 ANL1A J1X16. _5.25-02  1.035403
490 1498.0 1.24-08 1.80~15 A68. 1841 T4e77 Seg8+07 2eRru+ny 4e03x pl,29 1323, Ue66=02 1.035+03
500  1499.2  1+10=0A  1.58-15 97u. 17.9 7570 R.pO+07  2,21404_ 4493 _p2.40 1330,  8,10-07  1.035+403
550 30267 6+06=Nn9 Eeli2~16 901. 17.4 Als7h 2+92+07 SaA2404 4¢84 RALSF 1284, 2433=07 1035403
600 1506.1 3e45=-09 4463-16 1007. 16.8 £5.7% 1+66+07 1en2408 4eOf4 QN.77 1276. 1.34=0p 1035403 -
650 1506.9 2.01=09 2+hl=16 Tnta, 16.5 90«50 CeplU+06h 1.76+n8 4,94 Q4.04 1391, 7.89=03 1.035+03
700 1507.6  1.19-09  1.53-1s  1n2a, 1642 93.60  €.72406_ 2.07+05  4.94 07,35 1405, H4.73=03  5.035403
750 1507.6 7+15-10 0,20-17 Tnzg. l16.1 98.5A Z.u2+0p U,05+05 Geqy 0P,91 1406, 2.94=03 1.N35403
800  1507.6 443310  5.56-17 1930, 1641 {00413  2.0A+06  R,17+#05 _  4.04 100.49 14508, 1.72=03  1.035403
850 1507.6 2+64-10 3439-17 JIRENY 16+1 10171 1+27+06 1«24+06 4.04 107,07 1una. 1,05-0% 1035403
900 1507.6 1.62-10 2¢08=-17 inzz, 1641 1C3.30 7eR1%N% 2+18+06 4094 1N%.67 1840, 6.48=04 1035+03
350 1507.6 1.01=10 1.29-17 inx3, 160 104.90 4eAU+0S Zem1406 494 1N5.28 1uii. 4.N2=08 1.035+03
1000  1507.6  6.2B=11  £.02-18 1034, 16,0 106.52  2.02+05  5.A3+06 . 4,94 106,90 J412.  2.51=08  1.035+03
COLUMNAR MASS = 1034.797 GMH/CC COLUMNAR MASE FOR CO, = $472 GM/CC —
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TABLE IV.- MODEL ATMOSPHERE FOR EARTH - CONTINUED

VODEL AT“CSPHEPE FOR EARTH 11.S,1942

CONSTRUCTION PARAMETERS ENGINEERING |'NITS NATE 9/20/67

SURFACE PRESSURE = 144704 LE/SC IN SUPFACE TEWPFRATUPF = 518.7 R SURFACF DFNSITY = 2,28=0% SLHG/CI FT

PER CENT CARBON DIOXIDE = .0 IFALFCULAR WEIGHT = 5p.94 SURFACF GRAVITY = 32,17 FT/SEC/SFC

CALCULATED QUANTITIES —

VEAN NEAN
HEIGHT TEMP PRESSURE DENSITY SPEED SPECIFIC pprS DENS _ NUMBER  PARTICLE FREE VIS= KINFTIC
(SLUG/  OF SOUND  WFIGHT  SCALF  SCALE DENSITY VELOCITY  PATH CosITY vISC

(MIL.FT)} (R} {LB/SQ@ IN) cy FT) _(Fr/SeEC) (MIL.FT) {PER CU FT) (FT/SEC) (FT) (F+5)  _
0000 518.7 1.47+01 2.38-03 1116, Te7=02 e <034 Te2+23  150h- 2+2-07 3.87 1.6~04
P0164 46042 7484400 1.43~03 1052, 7.6=02 2025 W030_ 4,343 141ga. 3.6-07 LT 24404
«0328 401.9 3+85+00 8.03-06 an3. T Te6=02 022 «027 Pe4d23 1328 6.5=-07 3008 3804
«0492 350.0 1.76+00 3.78-08 agRe T.6=02 2021 +021 11423 130As ley=06 2497 TeG=084
« 0656 3900 8+¢02=-01 1473~04 968 Te6=02 «021 021 52422  130DA. JeN=nfh 2497 17=03
+0820 39848 3470-01 7+479-05% Q79 Te6=02 «021 o021 2e4+22 1320 6706 Fe0X 349=03
+0984 4077 T.74-01 3+58=05 MCERE Te6=02 022 021 141422 1335 1.5=08 3.09 Ae6=03
1148 4257 8434=-02 le64=05 1n12. 7.6=02 £ 023 021 SeQ+21__ 1364 3.2=-05 3.21 2+0-02
1312 45066 4.17-02 7+76-06 initl. Tef=02 024 023 2.u+21 14004 6+7-05 Je3R Lett=02
1476 _475+5 2+16=02 3.82-06 1069 74€mn2 2026 o024 12421 1442, l.4-08 3,55 9. 3=02
1640 4872 1.16=02 1.99=06 10R2. Tes=02 2026 026 AaOtPN  {4Sas 2.6=04 3.6% 1eA=01
+1805 4781 6420=03 1.09-06 1072 T+5=02 026 «02R 3.2+20 1486 _Yea=N4. 3.57 3e3=0]
«1969  460.4 3.26-03 5.94-07 1052, Te5=n2 075 .N27 1.Rp+20 jl1a. 8.8=-008 3euu Sef=01
02133 43047 1.66-03 3.24=07 1018. 7.5=02 2023 2027 __9+8%19 1372 | 1603 _ _ 3.28 10400
22297 3954 8+01-04 1.70-07 75 745=02 022 24 Se.2+19 1318, 341-03 3.01 148400
2461 3602 3e61=04 8+42-04 931, 7+5=02 «020 022 26419 1255 6e2=03 278 Je3+00
02625 32542 1.50-04 3.88-08 ARY. 7e5=02 018 «N20 1e2+ta 1192, 1.3=02 2454 646400
22789 325.2 598=05 l.54~0R 884 . 7.5-02 018 Nnig Be7+18 1192 Bey=n2_ ____2.50 146401
«2953 32542 2438-0% 6415-09 RAL . T.4=02 «0tR «01R 1.9+18 1192. AsK=N2 2.54 yet+01
#3117 351.6 9.86-06 2.35=-09 920 7.4=-02 2019  oN1R  7.1+17_ 1261+ 2.2-0) ___ 2.7? 1+2402
3281 37840 4¢36-06 9.66-10 955 Tel=02 021 «n1c 2+9+17  12R7. Sel=n1 2.Q0 3.N402
*3609 4626 1+07-06 1.91-10 1062 7.4-02 =026 + 023 Segt16 1432 2+7+00 3146 1.8+03
« 3937 6291 3¢66<07 G.73-11 1248 Teu=n? +036 oN2R 1.5+16 16RS. l.1401 Gel42 Ge4+03
+4265 9561 1+77=07 ley7-11 1549, 7.4-02 +056 038 Be7415 2102 _33401 Se81 3e9+04
4593  1282.0 1.08~07 6¢59-12 1791, T7¢3=02 «076 047 2+1+15  2u44R. Teytnl Te10 1.14085
«4921 1607+0 7+34-08 3.57=17 2012, 7.3=02 £097 06D 142415 _ 2749 1e4402 __ _ 7.95 242405
«5250 184040 5+36-08 2e25-12 2164 T43=02 «112 077 7o+l 2984, 241%02 Be&N 348405
+5578  1986.1 4.05=08 1.56=-12 2259 743=02 +123 « 094 Sep+ilt 3087 30402 883 Ss7405
+5306 2078.1 3.12-08 leiu=12 21323, Te2=02 «130 107 Jepttu 3175, Yaitn2 Q.04 8.0+05
6234 2169.7 2.44=08 8e44=13 27%86¢ 7.2-02 138 L1132 2:9+14_ 3260 5eS*02 . _ 9423 11406
+6562 2222+6 1.94-08 6e44=13 2430 Te2=02 143 124 2e2+14 3320 Te1402 9.3Y 15406
26890 2275+2 1.55-08 4.97=13 2473 7.2=02 .40 l129 1e7+14__2370¢_ 941402 _.__9.45 1+9406
7218 2327.8 1.28-08 3.87-1% 2515 T7.2-02 V154 £133 Te4+10 3837 1.2+03 .56 245+06
#7546 2380.1 1.01-08 3,04~13 2557 7e1=02 2160 «138 Jet+in 3493, 1.5+03 967 3.2406 S

<7874 240846 8.25-00 2.42-17% 2590+ 7.1-02 W165  «146 8.7+13  353A. 1.A+03 Q.73 440406
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TABLE IV.- MODEL ATMOSPHERE FOR EARTH - CONCLUDED

#8202 2437.0 6+78=09 1,94-13 2622, T41=02 +160 «150 _ _7.1+13 _35A3. 22403 9,70 Se1406
»8531 2465.4 5.¢60-09 1.56-13 2654, 7.1=02 174 4154 58413 %627e 2.7+03 984 643406
48859 2493.6 4465=09 1le27-13 2686 7.0=02 2179 o158 86,7413 3670 3.3403 9.9n _7.8406 -
#9187 2521.7 3+87~09 1.03-13 2717 TeN=02 2103 «163 30413 3712, 4.0%03 9.95 Qe7+06
#9515 2549.8 3.25-09 8446-14 2748« 7002 +188 2167 Za2+13 37SHe _  4,0403___ 10,01 142407
«9843 2577.8 2+73-00 6.96-~14 2778, Te0=02 «193 171 27413 3795. 5.9+03 inN.06 1.4+407
140171 2587.9 2¢31-09 5.78-14 203, 7.0=02 £197 178 2«3+13  3830. 7.0+03 _ 10.08 1.7407
1,0499 2597.9 1.96-02 4.81-14 2828 6.0=-02 201 «1R1 1.9+13 3A64 As2+n3 10.10 2+1407
. 1.0827 2608+0 1.67=-09 4e02-14 2853, 649=02 2205 <185 1.6+413  384QA. Q.740% 10,12 2.5407 .
1.1155 2618.0 1.42-09 3.38-14 2077, 6.9-02 209 «1R0 1ey413 303714 ler+04 1ne14 340407
11483 2627.+9 1.22-09 2.84=14 2901 6.6-02 1213 2193 . _ 142413 3964 1.3+04 . 10416 346407
1.1812 2637.9 1.05-09 2.40=1y 2925. 6.0-02 218 L19F 1.041% 3997, 1.6+04 10.18 4.2407
1.2140 2647.8 9.00=10 2e04=1Y4 2949 Hef=02 2222 £ 200 -Be7412  402Ge 1l.8+04 10.20 5:0407
le2468 265746 7.78=10 le73=18 2a77. 6+F=02 226 204 Tey+12 4061 2.14%04 1n.22 Re Q407
1,2796_ _2667.5 6+73-10 leyf-18 995, fe8-02 2230 208 Ret+12 U092 2,540 10428 629407 . _
1e3124 267743 5.85=10 1.26-14 3n1A. 648=02 2% 212 56412 4123 2./+04 10426 Be1407
1.3452 26795 5.09=19 1.09-14 3026 6eP=02 2230 2219 | 4,p+12 4luge | 3.3H04 _ 10426 9.5+07
1.3780 2681+6 Bell~10 9435-15 3ncy. 6.7=02 241 #2227 42412 4172, 37404 1026 1.1408
1.4308 26838 3.88-10 8.08-15 3072 £:27=02 2205 225 2¢7+12 419R8. 4a3304 10427 143408
1.4436 2685+9 3+39-10 6+99~15 3pan. 6.7=02 +249 »229 Je2412 42200 4e9+ny 1027 1.5+08
1.4764 2688.0 2:98=10 6.06=15 3108 Ha7=02 2282 4232 2apt12  U2uRe Se6+04 10228 _ 147408 .
145093 2690.1 2462-10 5.27-15 3126 6e7=n2 256 o235 2e5+12 270 Be4+08 1n.2R 20408
15421 269243 243019 4459~15% 3143, 616=02 2259 239 | 242412 4294 7.2%04 10.28 22408
1.5749 2694.4 2403=10 4400=15 316N be6=02 «263 242 l.e+12 431a. Re2+ny 1020 2.6408
146077 269645 1.80-10 Je5u~1% 3177, 626=02 «267 W PUS. 17412 4Jujle 9e3+08 10+29 240408
1.6405 2698.6 1.55-10 3.06-15 3104, 6e6=02 270 «24@ 1.5+12 U43fue 1e1405 10430 3.0+408
1.8045 2704.8 Be79=11 1e64-15 3p8N. 6e5=02 284 268 Be2+11 GU47. 1.9+05 _  10.31 _6Ba73408
1.9686 2711+0 5400-11 3.00-16 3305, 6e4-02 .290 .281 4.7+11 4515, 3.4405 1Ne32 11409
241326 2712.3 2.91-11 5.17=1fA 33un. 6s3=02 2300 297 | 2.7+11 4563 58405 10432 240409
202967 2713.7 1473-11 2.90=16 374, 642-02 310 307 106411  461De G.R+N% 1n.33 1.5+09
2+4607 27137 1.08=-11 1.78~14 2377, 62102 +325 223 Qe7+10 4614 1.6+06 10433 5+8+09
2.6248 2713.7 6.28=1p 1.06~1% 3xan, 6,N=N2 £330 .00 S.Q+10  461A. 2.7+06 10433 9+6+09
247888 271347 3.83-12 6.59-17 33R%. 6.0=02 #335_ o334 3.a+10  4622. 4e4+0f 10433 __ 1e6+10
209529 2713.7 2+36-12 4.0u=-17 338K S.0=02 340 «230 242410 UFRDPAS 7:1%06 10433 2+H64+10
341169 27137 lel4f=12 2.50-17 3389, Sep=n2 2348 344 leu+10 45630~ 1.2%07 10,32 4.1410
COLUMNAR MASS = 65.968 SLUG/SA FT PLANETARY PANTUS = 3aR1.p MILFS
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